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When using this document, keep the following in mind: 


. This document may, wholly or partially, be subject to change without 
notice. . 


. All rights are reserved: No one is permitted to reproduce or duplicate, in 
any form, the whole or part of this document without Hitachi’s permission. 

. Hitachi will not be held responsible for any damage to the user that may 
result from accidents or any other reasons during operation of the user’s 
unit according to this document. 

. Circuitry and other examples described herein are meant merely to indi- 
cate the characteristics and performance of Hitachi’s semiconductor prod- 


ucts. Hitachi assumes no responsibility for any intellectual property claims 
or other problems that may result from applications based on the examples 
described herein. 


. No license is granted by implication or otherwise under any patents or 
other rights of any third party or Hitachi, Ltd. 


. MEDICAL APPLICATIONS: Hitachi’s products are not authorized for 
use in MEDICAL APPLICATIONS without the written consent of the 
appropriate officer of Hitachi’s sales company. Such use includes, but is 
not limited to, use in life support systems. Buyers of Hitachi’s products are 
requested to notify the relevant Hitachi sales offices when planning to use 
the products in MEDICAL APPLICATIONS. 
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FOREWORD 


In this manual you will find a collection of Application Notes, Technical Briefs, TechNotes, and 
Question & Answers written by Hitachi, Ltd. and Hitachi America, Ltd. This collection was 
compiled through the efforts of the Technical Marketing Group for Hitachi, Ltd., and the 
Application Engineering Group and the Field Applications Engineers for Hitachi America, Ltd. 


The documents in this handbook included design ideas and examples, application tips and 
hints, and also product tutorials. They are designed to assist the user in further understanding 
the technical information already available on each of the products. At this time we would like 
to extend thanks to the individual contributors of Hitachi America, Ltd. for making this hand- 
book possible. 
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Amelia Lam, Application Engineer 
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This title is not all inclusive, so please check with your nearest Hitachi fepreecniatve for 
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HD641180X, HD643180X, HD647180X 


Technical Q and A — 
Application Note 





Preface 


The HD643180X, a member of the HD64180 family, is a single-chip microcontroller incorporating 
16 kbytes of mask ROM. The HD647180X is a ZTAT™ (zero tumaround time) microcontroller that 
incorporates 16 kbytes of programmable ROM instead of mask ROM. The HD641180X has no 
internal ROM. The HD641180X, HD643180X and HD647180X incorporate the following on a 





single chip: S 
re 
© 512 bytesofRAM _ 7 
¢ Memory management unit (MMU) 
¢« DMA controller 
¢ Timer 
« Asynchronous serial communication interface (ASCI) 
¢ Clock synchronous serial I/O port (CSI/O) 
¢ Analog comparator 
¢ Parallel I/O pins 
Note: ZTAT™ is a trademark of Hitachi 
How to Use This Technical Q&A Manual 
ad 
This technical manual contains answers to questions that many users have asked regarding Hitachi 
microcontrollers. It is intended to supplement the explanations in the current data books and user’s 
manuals. Thus, please use this manual together with the data books and user’s manuals. 
If any further questions arise as you use this manual and the products described, please do not 
hesitate to get in touch with your nearest Hitachi semiconductor sales office. | 
HITACHI Section 


Hitachi America, Ltd. San Francisco Center » 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 » (415) 589-8300 2 3 


tte AE A NER OMe RNEI Rare nn PE RMT npc 
~ A A TT 





Onn ee ahestibieeeniiineniaiar met — nae 
. era oer rate emg oe A ae TE Re ee 





Section a HITACHI - 2 
4 2 _ Hitachi America, Ltd. * San Francisco Center * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


MMU | 
Logical to Physical Address Translation............ccsscsessees QA641-002B/E..... 9 
DMAC 
DE] Bit in the DMA Status Register (DSTAT)..........0000 QA641-003A/E..... 10 
DME (DMA Master Enable) Bit in DMA Status Register 
Sallsivicad vusitvtbuuctobi eciueeaesealesayiava ecteaatdeepiatuteavibiertoriledenr eed: QA641-004B/E..... 11 
DWE Bit in DMA Status Register............sccsessssssssseseessees QA641-005A/E..... 12 
Memory ¢> I/O Transfer (Channel 0) ...........c0ccsssesersssssseees QA641-006B/E..... 13 
Memory <> ASCI DMA Transfer ...........-ccsercssssesesesseecenees QA641-007B/E..... 14 
Memory (specified in application program) «> I/O DMA Transfer 
Fes sseetalutunccpsetelcUdiwes inassagtetutedaWeovenuate museca anaes. QA641-O08A/E..... 15 
Memory © 1/0 (Z80SIO) DMA Transfe...........ses+e0 QA641-009B/E..... 16 
DINIAG. PHIGGy jsciscchccut aig cesiustducyadouseaapttestrceseaveasuenserterse QA641-040A/E..... 17 
DACK Signal Generation. ..........scsssssssesesssssssesssseeesecoesneees QA641-042A/E..... 18 
DMA Transfer .............0004 sa luda sexebuee piduactiddnu@savaneuielseusatnn QA641-065A/E..... 20 
ASCI | 
Asynchronous Serial Communication Interface (ASCI) Break Level 
1; 1 (ol oe PT ee ie ee Ny QA641-O10A/E..... 21 
ASCI Baud Rate Calculation .............ccccsccssessscsenes peaeesevens QA641-O11A/E..... 22 
ASCT Halted Dy CTS x ssccssszscssessescescsssccencssssseasteneescssasvocesies QA641-043A/E..... 23 
DCD Pin and DCD Flag........ssssccssssssssscsssssssssesssseenssees QA641-044A/E..... 25 
External Clock Divide Ratio ...........cssssscssccsscessecsceseoesees QA641-045A/E..... 27 
ASC Data Sain phine x sicsscicdssciastesceedesivessastestsaveseectetecdsvorse QA641-066A/E..... 28 
Restarting ASCI from I/O Stop Mode...........cscscssscsrsesees QA641-067A/E..... 29 
TSR SIQUIS 4. lenene hecad tensa camisetas QA641-068A/E..... 30 
Transmit Interrupt Timing ...............cccsceees sasuiateetemtaads QA641-069A/E..... 31 
CSI/O 
RE and External Serial Clock for the CSI/O ............ssese0es QA641-070A/E..... 32 
Timer | 
TAMEE OUD UE sick iscrvnacevesaesccrrebriiencdieiesceervaneesanesetet QA641-012B/E..... 33 
Timer (PRT) Count Down Using External Clock ............. QA641-013A/E..... 34 
PRGLOAG: TAMING saistseccsestevteenspavaasasevinsaveeeacugs decsse nereisdreanats QA641-O71A/E..... 35 
TMDR Count Down .........scsscsssssccssscsssrressscesesensesessecenscooes QA641-072A/E..... 36 
HITACHI 


Contents 


Hitachi America, Ltd. « San Francisco Center « 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 » (415) 589-8300 


SECTION | 


Section 
2 





5 


Bus Interface | 


Bus State during Internal I/O Access............ mle eaeeaiceeaas! QA641-014B/E..... 37 
E Clock during Sleep Mode or Bus Release Mode........... QA641-037A/E..... 38 
E Clock Timing during DMA Cycles or Refresh Cycles ..QA641-038A/E..... 39 
Data Sampling Timing during Memory Read................0 QA641-046A/E..... 40 
Interrupt | | | 
Interrupt during MMU Operation................. CeCe Ay QA641-015B/E..... 41 
Interrupt during DMA Operation ..............csscseseecesesseees QA641-O16A/E..... 42 
TINT) Mode 2 22.4 scstiat otter aed iares ant aati QA641-O17A/E..... 43 
NMI during Interrupt Acknowledge Cycle .......s.csssessessees QA641-O18A/E..... 44 
Titerraptealter Reset iaceies Aus osserecus deo czavaivanpsyeeetoaseiaeeadecvieees QA641-O19A/E..... 45 
Interrupt during Refresh Cycle ...........ccsccsscssscesesscessreesees QA641-020B/E.... 46 
NMI Acknowledge .......s..cscssesssssssssssssssessssscsssesessereseesseesees QA641-021B/E.... 47 
Interrupt Acknowledge Timing after EI Instruction 
Execution......... uslics pasisecdduislic ous ae yaeaustisdcsshiseoun vaseaawontastseeouese QA641-047A/E.... 48 
Interrupt Sampling during Block Transfer Instruction 
EC UCMOR oeeecseossertaaecedid sca nicl sceetshcteteamcendces tees steeeetae QA641-048A/E.... 49 
Interrupt during SLP Instruction Cycle .........sseecseeeeees QA641-049A/E.... 50 
IN Tg MOGE 0 sac nehevtterennisccistanccca lata einaonwe QA641-O050A/E.... 52 
NMI Interrupt Sampling Timing .0.............cccceseseessseeeeseees QA641-O51 AJE..... 53 
Status Bit during TRAP.............scsscssssseescescscessceaseesenesanees QA641-O52A/E..... 54 
PC Stacking during TRAP..........ccscscssscessssesssessesseseseeees QA641-053A/E..... 55 
NMI during DMA Transfer .........ccccscscsesssssessesesssseesseeseees QA641-054A/E..... 56 
PORE Oeil NIM occas csseasscvecscuséeaesveetncutentnsveeteleniiee QA641-055A/E..... 61 
Internal Interrupt Sampling Timing................sceeee osuaeee: QA641-056A/E..... 63 
INTA Signal Generation.......cccsccsssssssscsessssstsssseseseee QAG641-OS7A/E..... 66 
Interrupt Request during HALT Opcode Fetch..................QA641-O73A/E..... 67 
Sample Mode Programming Pins’ Levels.............sccssseeees QA641-074A/E..... 
I/O Port 
Change from Input to Output ..........scccsesesceccsceresssseecsesees QA641-075A/E...., 68 
I/O Port Status in Sleep Mode......c.sccsccsssesscssvessssesseessesseees QA641-076A/E..... 69 
PORN Gitte asia ees QA641-077A/E..... 70 
Notice at alternating Port A's function...............08 Soa octne QA641-120A/E..... 71 
Memory | 
RAM Relocate Area .........scccccssssssssssssesssncsenssscasesesssecsensencs QA641-078A/E..... 72 
- Inserting Wait State to Internal ROM...00..... ee eccsseeseeeeeee QA641-121A/E..... 73 
an HITACHI 


6 2 Hitachi America, Ltd.e San Francisco Center * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 © (415) 589-8300 














Wait | 
WAIT Insertion during Refresh Cycle............cscssssscsescses QA641-022B/E..... 74 
WAIT Function at I/O ACCESS ........cccsccccesssssccssceccsessesssecees QA641-023B/E..... 75 
Inserted Wait States ...........ccsscossssscessesssccessscssesssacossssesesesens QA641-122A/E..... 76 
Reset 
Power-On Reset Sequence...........csscsscsseseesessssesseseseeeesess QA641-024A/E..... 77 
Control Signal Status after Reset...........ccsccsssssssssssesees QA641-O58A/E..... 78 
Low Power Mode 
Bus Status during Sleep Mode ............ccccsccsscercesseseeseesscsees QA641-025A/E..... 79 
Sleep Mode and System Stop Mode...........ccccessessesceesscees QA641-026A/E..... 80 
Recovery from System Stop...........csccssccsccesscessecsecesecseeesses QA641-027B/E..... 81 
System Standby FUNCTION ............ccccssccssssesssesseseesesssssersees QA641-028B/E..... 32 
Interrupt Sampling in Sleep Mode ..............:escsecsseseeeeesees QA641-O59A/E..... 83 
z 
Refresh 7 . 
Dynamic RAM Refresh during DMA..........cccccssssesseeeees QA641-029A/E..... 85 Wy 
Dynamic RAM Refresh ...........cccescsssssssscsessessssseecssesssesensoes QA641-030B/E..... 86 
Refresh Cycle TASCriOM ac aves ossvscansscitanvernitedviecsensusschets QA641-060A/E..... 87 
Clock Generator 
ETA and teres dexter erect ta QA641-061A/E..... 88 
o Clock Output Frequency Error ..........cccscsscsssssseesssesceees QA641-062A/E..... 89 
@ Pint Hanging sssicscsscsscdeccescicece ties iesbessctacanssnioes ‘seueeccse QA641-123A/E..... 90 
ASE 
ASE Trace Function ......cc:cccccccsssssscsccesccescscssssssscsssesceree sees QA641-031A/E..... 91 
Dynamic RAM Refresh of ASE..........ccccscsssssscsscssvesseeeees QA641-032A/E..... 92 
Software 
Difference between RET and RETI Instructions...............QA641-033A/E..... 93 
LDA, Rand LDR, A IMStructions.............. ce eeseecsceeesenenee QA641-034A/E..... 94 
Processing Speed of $D200 Cross Assembler ..........0.0000. QA641-035A/E..... 95 
ESDER AMSG C HOM sei cccs iwc sovSes aout cs pvcasaccacesestateatingsttoeesuaese QA641-036A/E..... 96 
Extension Instructions (INO, OUTO) ou... eecessesceeeeeeeee QA641-063A/E..... 98 
DEC (INC) and DAA Instructions .............. es cahasaaecieattaas QA641-064A/E..... 99 
HITACHI Section 


Hitachi America, Ltd. e San Francisco Center * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 * (415) 589-8300 27 | 


Section HITACHI 
8 2 Hitachi America, Ltd. * San Francisco Center * 2000 Sierra Point Pkwy. * Brisbarie, CA 94005-1819 * (415) 589-8300 


A 





Type | HD641180X, HD643180X, HD647180X} Q&A No. | QA641-002B/E 
} Item | Logical to Physical Address Translation 













| Q | Classification 
Can the MMU base register (MMU common base register 
and MMU bank base register) be programmed so that i DMAG 
common area 1 overlaps with the base area? 





[ase 
[esvo 


Timer 






Bus Interface 
Interrupt 

VO Port | 
Memory 

Wait 
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Low Power Mode 


Yes, depending on the MMU base register programming, 
common area 1 and the bank area may overlap (figure 1). 


Refresh 


Physical address 
Logical address " space 
space | 


Clock Generator 
ASE 
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Figure 1 Overlapping Common Areas 
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[Item | DE% Bit in the DMA Status Register (DSTAT) 
| | Classification 
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1. How long is DMA transfer disabled when the DE1 bit is 
set to 0? | 


2. How does DMA restart? 


Bus Interface 
Interrupt 

/O Port 
Memory 

Wait 

Reset | 


Low Power Mode 


1. DMA transfer is disabled until DE1 is reset to 1. Write 0 


to bit DWE1 before performing any software write to 
DE1. , | 
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. lf memory «» memory DMA transfer is executed in burst 
mode, DMA transfer cannot be interrupted. It can only be | 
interrupted in memory <— memory cycle steal mode. 
memory < I/O, or memory «+ memory-mapped I/O 

— transfer mode. 
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To restart DMA transfer, set DE1 to 1. 
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HD641180X, HD643180X, HD647180x] Q&A No. | QA641-004B/E 
| Item | DME (DMA Master Enable) Bit in DMA Status Register 


| Q | Classification 
When NMI occurs, DME is reset to 0 and DMA operation is p YMMU 


disabled, passing control to the CPU. | | DMAC 
ASCI : 
CSV/O 
Timer 











1. How is DMA operation timing halted? 


2. How does DMA operation restart? 
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o When NMI occurs, the CPU takes control after the 
current DMA cycle is completed (figure 1) 
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DME bit reset to 0, then 

; DMA operation stops 

a ____$_ > —._ «4 

: DMAreadcycle + DMAwrite cycle 
Figure 1 NMI Timing 









2. To restart DMA operation, set DE bit (DEO or DE1) to 1. 
(This operation sets DME to 1.) The following program 
restarts DMAC: 
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LD A, 80H 
OUTO (30H), A 
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ASCI 
CSVO 
Timer 










Bus Interface 
Interrupt 

/O Port 
Memory 
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The DE bit enables DMA operation for the internal DMAC, 
while the DWE bit enables a software write to the 
corresponding DE bit, for a specific channel operation. 
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HD641180X, HD643180X, HD647180x] Q&A No. | QA641-006B/E | 
| tem | Memory ¢ I/O Transfer (channel 0) | 
| Q | Classification 


To enable DREQg input, both A,7 and Ajg of the I/O MMU 
address must be set to 0. DMAC 
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CSI/O 
Timer 
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Is the DMA requested by DREQo accepted if either Ay7 or 
Ai6 is set to 1? 






Bus Interface 
Interrupt | 
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Memory 
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SECTION 





No. If either Ay7 or Ag is set to 1, DREQg is disabled and 
the DMA request is not accepted. 





To use DREQg input as DMA request, set the bank bit (Ajg, Low Power Mode 


A47) according to tables 1 and 2. Refresh — 
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Table 1 Source Address Register 


SAR18 SAR17 SAR16 DMA Request 
Don'tcare 0 0 DREQ 


Don't care 0 | RDREF (ASCI chO) 
Don't care 1 0 | RDRF (ASClI ch1) 
1 





Don'tcare 14 Reserved 






Table 2 Destination Address Register 


DAR18 DAR17 DAR16 DMA Request 
Don'ttcare 0 0 DREQ, 


Don't care 0 1 TDRE (ASCI chO) 
Don'tcare 1 0 TDRE (ASCIi ch1) __ 


Don’t care 1 1 Reserved 
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| item | Memory < ASCI DMA Transfer 






Classification 
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Timer 






To execute memory «+» ASCI DMA transfer, program DMA 
source/destination address register as follows: 






1. Set bits Ap—-A7 to the address of the ASCI transmit or 
receive data register | 





2. Set bits Ag-A15 to OOH 






3. Set bits Ayg, A77 to 0, 1 or 1, 0 Bus Interface 





Interrupt 
/O Port 
Memory | 
Wait 
Reset 


Can the memory «> ASCI DMA transfer be executed 
correctly if bits Ag—A;5 in the DMA source/destination 
address register are not set to OOH? | 


No, if bits Ag—-Ays5 in the DMA source/destination address 
register are not set to OOH, memory <> ASC] DMA transfer 
| cannot be executed correctly. 
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For example, to execute ASCI (channel 0) RDR - memory 
DMA transfer, set bits Ag—-A7 to 08H, bits Ag—Ay5 to 00H, 
and bit Ax6: A417 to 0, 1. 
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| Setting bits Ag—A;s to anything other than 00H causes the internal DMAC 
to access another I/O address, not RDR. (DMA request from ASC 
channel 0 is not reset). 
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HD641180X, HD643180X, HD647180x] Q&A No.| QA641-008A/E 

| item Memory (specified in application program) <> I/O DMA Transfer 

| Q | Classification 
Is it possible to execute memory (specified in application | {MMU 
program) <> I/O DMA transfer indepenently of the MMU DMAC 
base register? rl ASG 
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I/O Port 5 
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Memory . i 
Wait 


Reset 


No, to execute memory (specified in application program) - Low Power Mode 

<> I/O DMA transfer correctly, the physical source address ) {Refresh 
must be defined as follows: a Bock Gencrtcl 

1. Software calculates the physical source address of the | JASE 


data area using the logical address and the base register 
Software 


2. The calculated physical source address is loaded into the Lo Others 
DMA source address register 


Application Manual 


HD641180X, HD643180X, 
HD647180X Hardware Manual 
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If the physical address is known, it can be loaded into the 
DMA address register directly, but if the DMA transfer is 
executed within the logical memory area, block transfer 
instructions can be used. 
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| HD641180X, HD643180X, HD647180X] Q&A No.| QA641-009B/E | 

| Item | Memory < I/O (Z80SIO) DMA Transfer | 

| a) - Classification 
When memory ¢ I/O (Z80SIO) DMA transfer is executed | {MMU | 
while DREQ is programmed for level sense, DMA transfer DMAC | 
does not complete correctly. Fs rea 

| |CSVO 


Timer 












Are there any restrictions on DMA operation? (RDY signal 
from Z80SIO is input to DREQ of HD64180.) 
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| The Z80SIO RDY signal is negated during DMA write cycle Low Power Mode 


| to the peripheral LSI. Therefore, if the DREQ is 

_| programmed for level sensing, an additional DMA cycle 

starts since RDY is negated after DREQ signal sampling 
(figure 1) | 
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| DMA read cycle . DMA write cycle 


1 74 To T3 | 7h To ' Tw 3 ! Ty 















Additional 


DREQ sampled DMA cycle 
(If DREQ is not negated here, 
an additional DMA cycle starts) 


Figure 1 DMA Timing 





RDY output) 
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Take one of three measures: 1) Program DREO for edge sensitivity, 
2) Insert a wait state during DMA write cycle to modify RDY response 
timing 3) Mask DREQ (RDY) signal by the ACK signal. 
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[item |DMAC Priority —CiC 
<e 
Which has higher priority, ch 0 memory «+ memory DMA | [MMU 
transfer or ch 1 memory © I/O DMA transfer? 


Is it possible to execute ch 1 memory <> I/O DMA transfer = 
before ch 0 memory < memory DMA transfer? 
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DMA ch 0 has priority. However, when ch 1 DMA request is Low Power Mode 


generated when ch 1 is enabled and ch 0 is disabled, and 
the ch 1 DMA is generated continuously, the ch 1 DMA 
transfer can be performed. | 
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During ch 0 memory ¢ I/O DMA transfer, ach 1 DMA 
request can be accepted if no more ch O DMA requests are 
generated. | 











During ch 0 memory ~ memory DMA transfer, ch 1 DMA 
requests are ignored until ch 0 DMA transfer ends. 
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HD641180X, HD643180X, HD647180X] Q&A No.| QA641-042A/E 

| } item | DACK Signal Generation | | 

| | | Classification 

| How can the DACK signal, which indicates DMA transfer p |MMU 
completion, be generated during ch 0 memory © external DMAC 

I/O DMA transfer? ia ASCI 


CSI/O : 


Timer 












Bus Interface 
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Memory | 
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When external I/O is accessed during a DMA cycle, the Low Power Mode 


external I/O address is output through the address bus. At 
this time, the IOE signal and address output are decoded to 
generate a DACK-1 signal (figure 1, @). 
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- OtherData = | 
HD64180 App. Note 


When external I/O is accessed to initialize registers during a 
CPU cycle, DACK-1 and ST signals are logical-ORed to 
generate DACK-2 to distinguish a DMA from a CPU cycle 
(figure 1, @). 


Figures 1 and 2 (next page) show the DACK generation 
circuit and signal timing, respectively. 
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| Type |HD641180X, HD643180X, HD647180X] Q&A No. | QA641-042A-2/E 


} Item | DACK Signal Generation | 


JOE Decoder 


Address 
ST 
Figure 1 Circuit Example 


1 DMA read cycle DMA write cycle 
‘Tr bh hth wm Ww 
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—m, <i tap 


Address 


IOE 


tsip2o-  ~< 


Figure 2) Timing Chart 
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| Type |HD641180x, HD643180x, HD647180X| Q&A No. | QA641-065A/E 
} Item | DMA Transfer 


How does the DMA transfer execute when BCR is set to MMU 
-0000H? | 7 [DMAC 
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Memory 
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Low Power Mode 


When BCR is set to OOOOH, 64 kbytes are transferred. 
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| Type | HD641180X, HD643180X, HD647180X} Q&A No.| QA641-010W/E 


} item | Asynchronous Serial Communication Interface (ASC!) Break Level Transfer 








Is it possible to perform break level transfer with ASCI by 
software? 





No, the (HD64180) ASCI cannot perform break level 
transfer through software. 


is connected to to the RTS pin and the user system port 
(figure 1). 









system 
port 


Figure 1 Break Level Transfer Circuit Example 






If the RTSo pin in ASC! control register A or port data 
register is set to 1, break level 0 can be transferred. 
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However, break level can be transferred if an external circuit 
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[tem [ASCIBaud Rate Calculation CSCS 
<e 
How is ASCI baud rate calculated? p YMMU 


DMAC 
ASCI 
CSVO 
Timer 
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Bus Interface 
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/O Port 
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Low Power Mode — 





The following expression shows how to calculate ASC| 


baud rate: Refresh 












baud rate = Clock Generator 


system clock frequency _ 
(sampling rate) (PS bit) (divider ratio set by SSO-SS2) 





Software 
Others | 
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Note: Sampling rate: 16 or 64 
PS bit: 10 or 30 
SS0-SS2: 1,2, 4, 8, 16, 32, or 64 
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HD641180X, HD643180X, HD647180X] Q&A No. | QA641-043A/E 
| item | ASCI Halted by CTS 
| Q Classification 








What is the status of the ASCI after it is halted by negation p [MMU 


of the CTS signal? 
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To continue ASCI transmission, write data into the ASCI 
transmit data register (TDR). 













Normally, data can be programmed into the TDR either by 
ASCI transmit interrupt by the TDRE flag, or by TDRE 
polling. 







However, if CTS is negated (high), the TDRE flag is masked 
and is alway read as 0. Data cannot be programmed into 
the TDR for the following reasons: 


1. ASCI transmit interrupt by TDRE flag is disabled 
2. Data programming routine is disabled, because the 
TDRE flag always reads 0 when polled 






Therefore, ASCI is idle when CTS is negated (high). 
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Figure 1 shows timing for ASCI transmission control by 
CTS. 
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HD641180X, HD643180X, HD647180X} Q&A No. | QAG641-043A-2/E _ 
| item ASCI Halted by CTS 


TDRE | | | | \ 


Data written to ee ee 
TOR eo Ho 


mF E | [ean [sie] 


CTS = 0 during ASCI CTS = 1 during ASCI 
| transfer transfer 
Figure 1 Timing of ASCI Transmission Control by CTS 
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Tem [DODPinandDOD Fag OCS 
Is the DCD flag (ASCI status register ch 0, bit 2) reset when ) {MMU 
the DCD pin is asserted low? | [pMAC 
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Low Power Mode 


No, the DCD flag is not reset unless the ASCI status 


register is read. This allows the DCD interrupt to be 
serviced correctly. 
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lf the DCD pin and the DCD flag were reset simultaneously, 
the DCD interrupt request would always be cleared and 
could not be serviced when a higher priority interrupt 
occurred simultaneously with the DCD interrupt (figure 1). 
Figure 2 shows the actual function used by the 
HD647180X. 
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HD641180X, HD643180X, HD647180x} Q&A No. | QA641-044A-2/E 


| Item | DCD Pin and DCD Flag 


DCD pin © | : | CC : 
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DCD flag ee 


(Interrupt source) 


le ae ee 
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oted DCD interrupt is 
Interrupt routine with negated, so its interrupt 


priority higher than routine never executes 
DCD will execute 


Higher priority 
interrupt 


Figure 1 DCD Flag Synchronized with DCD Pin | 


DCD flag : | . 


Interrupt source 


Interrupt routine with can be executed 
priority higher than 
DCD will execute 


Figure 2 HD647180X DCD Function 
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| Item External Clock Divide Ratio 
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No, the divider cannot be used when the ASCI uses an 
external clock. Therefore, the external clock must be o + 40. 
However, sampling rate can be controlled by the DR bit of 
the ASC] control register (table 1). 


Table 1 Sampling Rate 
DR Bit Sampling Rate 


0 +16 
1 +64 






Internal | Baud rate Prescaler Sampling 
clock selector (+ 10, +30) rate 
(+ 1- + 64) (+ 16, +64) 








- External 
clock 
fo <o+ 
40 
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| item | ASCI Data Sampling | | 
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| item | Restarting ASCI from I/O Stop Mode 
| Q | Classification 


How does ASCI restart from |OSTOP mode? 
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First, resetting the IOSTP bit in the I/O control register (ICR) 
causes I/O stop mode recovery. 
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enable (TE) bit of the ASCI control register restarts ASCI 
transmission. 
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No, resetting TE to 0 does not initialize the transmit shift 
register (TSR) (figure 1). 


out+-{0 [D1 |p2 [os [D4 [ps [0s [07 }— 


7 TE reset to 0 


Facto enn 


Figure 1 Transmit Shift Register 
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The CPU acknowledges the transmit interrupt when the Low Power Mode 
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What is the relation between receive enable (RE) and the 
external serial clock (t, in figure 1)? | 
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Figure 1 Receive Timing 


Time t, must be more than 5 system clocks (59). If it is less Low Power Mode _ 


than 59, CSI/O receive operation cannot start correctly. Refresh | 
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No, PRT channel 1 should be used for timer output. 
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ASE | 

Software 

Others | 
Application Manual 


HD641180X, HD643180X, 
HD647180X Hardware Manual 


Other Data 
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| Type |HD641180X, HD643180X, HD647180X] Q&A No. | QA641-013A/E 


| Item | Timer (PRT) Count Down Using External Clock | | 
Classification 


Can the PRT count down using the external clock? | {MMU 
| | DMAC 


ASC! 
CSI/O 
Timer 







| 


Bus Interface 
Interrupt 

/O Port 
Memory 

Wait 








No. The PRT can count down using only the » clock 
(divided by 20). | 


Low Power Mode 
Refresh 

Clock Generator _ 
ASE 

Software 

Others 

- Application Manual 


HD641180X, HD643180X, 
HD647180X Hardware Manual 


Other Data 
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item [Reload timing 
Classification 
When the timer data register (TMDR) counts down to 0, it is | [MMU 


automatically reloaded with the contents of the timer reload DMAC 
register (RLDR). 3 
ASCI 


CSI/O 
Timer 











How long does reloading take? 





| 


Bus Interface 
Interrupt 

/O Port 
Memory 

Wait 


ep) 
m 


SECTION 





Low Power Mode 






TMDR is reloaded with the contents of RLDR after 20 o 


cycles. Refresh 





Clock Generator 


Software 
Others 
Application Manual 


HD641180X, HD643180X, 
HD647180X Hardware Manual 


Other Data 
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item [TMOR Count own 
| Classification 

Pfu 
[ [was 


ASCI 
CSI/O 
Timer 














While the timer data register (TMDR) counts down, when 
timer count down enable (TDE) is reset to 0, what is the 
status of TMDR and the reload register (RLDR)? 


4 


Bus Interface 
Interrupt 
/O Port 
Memory 


aii 





The TMDR and RLDR remain the same when the counter Low Power Mode 


| stops. 


Clock Generator 


Software 
Others | 
Application Manual 


HD641180X, HD643180xX, 
HD647180X Hardware Manual 


Other Data 


.¢ 2) 
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[tem [Bus State during intemal VO Access CCS 
| | Classification 
1. What is the bus status during internal I/O access? p {MMU 


DMAC 
ASCI 
CSI/O 
Timer 









2. What happens if external /O is assigned to the same 
address as internal I/O? 





NE 


Bus Interface 


/O Port 
Memory 


SECTION 





Low Power Mode 


| 1. Bus status during internal \/O access is as follows: 





* Data bus 
— Read: High impedance state 
— Write: Outputs data 
Address bus 
— Read/write: Outputs address 


2: 


Clock Generator 
ASE 
Software 





2. When an internal |/O address and an external |/O 
address overlap, bus status is as follows: 





Application Manual 


HD641180X, HD6431 80x, 
HD647180X Hardware Manual 


Other Data 





* Data bus 
— Read: Reads internal I/O; does not read 
external I/O 
— Write: Outputs data to both internal and 
external 1/O 








° Address bus Reference Q&A 


— Read/write: Outputs address 








Comment 
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[ ype [H06417e0x, HD6ssTe0X, HD6A71@0x 
[item | E Clock during Sleep Mode or Bus Release Mode 
} Qo |. "Classification 

Is it possible to extend E clock pulse width by inserting wait p}MMU 
states (Ty) during sleep mode or bus release mode? | |DMAG 


ASCI 
CSI/O 
Timer 

















/ | Bus Interface 
Interrupt 

/O Port | 
Memory 


Wait 









No. Because WAIT input is ignored during sleep mode or Low Power Mode 


bus release mode, the E clock cycle cannot be extended. Refresh 





Clock Generator 
ASE 

Software 

Others 


Application Manual 


HD641180X, HD643180X, 
HD647180X Hardware Manual 


Other Data 
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HD641180X, HD643180X, HD647180X] Q&A No.| QA641-038A/E 
} item | E Clock Timing during DMA Cycles or Refresh Cycles 










| a Classification 
‘What is the E clock output timing duringthe DMA or refresh | [MMU 


DMAC 

ASCI 

CSV/O 

Timer 

Bus Interface 


“| 


Interrupt 





/O Port z 
emory G | 
Wait = 






DMA access memory or I/O duration of E clock output high Low Power Mode 


is identical to the CPU. Table 1 shows output timing. Refresh 





Table 1 Output Timing 
Cycle Timing 


Clock Generator 
ASE | 






fealcedaeda Ie ale Neo eee ew 
= 





Memory RW _Tarising (7) to T3 falling ( J) Software 
VO read ___ First Tw rising ( T) to T 3 falling ( L) Others 
VO write First Tw rising ( T) to Tg rising ( 7) Application Manual 






. 


During refresh cycles, E clock output is held low. - HD641180X, HD643180x, 


HD647180X Hardware Manual 
Other Data 
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[item [Data Sampling Timing during Memory Read CS 
{ Q | | - Classification 
Does the CPU sample data at the rising edge of Tz during . { [MMU 
opcode fetch cycles and at the falling edge of T3 during | [pMAC 


operand and data read cycles? : 
ASCi 


CSI/O 
Timer | 










/ | Bus Interface 
Interrupt 
/O Port 
Memory 


Wait 


o2) 
m 


Low Power Mode 





Yes, the CPU samples the opcode on the data bus at the 
| rising edge of T3 while it samples operands and data at the 
falling edge of T3 (table 1). 


Refresh 







Clock Generator 
Table 1 Sampling Timing 





Software 
Others 
Application Manual 


HD641180X, HD643180X, 
HD647180X Hardware Manual 


Other Data 


CPU Cycle Sampling Timing 
Opcode fetch cycle Ty rising edge (T) 


Data and operand fetch cycle Tg falling edge (1) 
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Tem [interupt during MMU Operation 
ref 
| How will the MMU be affected if an interrupt occurs during | [MMU 
its operation? | |DMAG 
[asc 


CSI/O 
Timer 







Bus Interface 
Interrupt 
/O Port 
Memory 


J 


SECTION 





| If an interrupt occurs during MMU operation, the interrupt Low Power Mode 


vector is relocated according to the MMU base register 
programming. Therefore, the interrupt vector should be 
defined with reference to MMU base register programming 
(figure 1). 


Clock Generator 
ASE 
Software 
Others 
Application Manual 


HD641180X, HD643180X, 
HD647180X Hardware Manual 


Other Data 


However, the interrupt vector can be located in common 
area 0, which is always located in the same logical address 
space. 


See SRE RAS ERE 
ie ini 





FEFFFH X: Interrupt vector 


FFFFH 







Base register (2) 
O0000H register (1) 
Logical address space Physical address space 
Figure 1 Interrupt Vector Generation during MMU 


Operation 
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Type |HD641180x, HD643180X, HD647180X] Q&A No. | QA641-016W/E 
| item Interrupt during DMA Operation | | | 


. Classification 
MMU 
DMAC 


fase 
Jes 
Primer 
[ [ees iierace 


aj | Interrupt 
/O Port 
Memory 









How will the DMAC be affected if an interrupt occurs during 
| its operation? | 















Low Power Mode 






1. ian NMI occurs, DMAC operation is disabled. 


| 2. ifan INT or an internal interrupt occurs during burst 
mode memory <> memory DMA operation, the interrupt 
is ignored. 





Clock Generator _ 
| ASE 
Software 







3. If an INT or an internal interrupt occurs during cycle steal 
mode memory <> memory DMA operation, the interrupt — 
is acknowledged and the interrupt sequence (CPU cycle) 
and DMAC read/write (DMAC cycle) are executed as in 
figure 1. 





ae ae eee 
TTT 





Application Manual 


HD641180X, HD643180Xx, 
HD647180X Hardware Manual: 


Other Data 





DMA CPU - ‘DMA 


DMA DMA ‘ DMA DMA 


read write Interrupt read write 
acknowledge | 
Figure 1 Interrupt during Cycle Steal Mode DMA 
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Mime 
Classification 

In Z80 INTy mode 2, the LSB of the lower vector inthe 16- | {MMU 
bit vector address (Ao) is always 0. | |DMAG 


In the HD647180X, is the LSB of the lower vector (Do) ASCI 
automatically set to 0 in INTg mode 2? CSVO 


Timer 








Bus Interface 
Interrupt 
/O Port 
Memory 


v 


n| > s 
|i 2 
pe) 
co 
oO 


SECTION 





No, in Z80 INT, mode 2, the LSB of the lower vector is not Low Power Mode 


automatically set to 0. The Z80 data book explains that the 


LSB (Ao) must be set to 0. Clock Generator 


In HD647180X INT, mode 2, the LSB of the lower vector 
(Do) must be set to 0 since INTg mode 2 requires a 2-byte 
vector. 

Others 
Application Manual 


HD641180X, HD643180X, 
HD647180X Hardware Manual 


Other Data 





| However, even if the LSB of the lower vector (Do) is set to 
1, the interrupt sequence is executed correctly. 
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Tem | NWT during interupt Acknowledge yet 
| Q | Classification 
iis acknowledged during the interrupt acknowledge 


| cycle, such as for INT? DMAC 


ASCI 
CSI/O 
Timer 


HD641180X, HD643180X, HD647180X] Q&A No. | QA641-018A/E | 




















Bus Interface 
Interrupt 

/O Por | 
Memory 

Wait 

Reset 


J 


Low Power Mode 


| Yes, one instruction (excluding Ei and DI instructions) is 
executed after the INT acknowledge cycle, then the NMI 
‘acknowledge cycle starts. 


Refresh 


Clock Generator 


The NMI response sequence during the NMI acknowledge 


cycle is the same. 
| y Software 


Others 


Application Manual 


HD641180X, HD643180x, 
HD647180X Hardware Manual 


Other Data 


02) 
m 
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a 





! 


| Type | HD641180X, HD643180X, HD647180x] Q&A No.| QA641-019A/E 


| item | Interrupt after Reset 
Classification 


Is NMI or INT acknowledged immediately after reset? p YMMU 
| | DMAC 


ASCI 
CSI/O 
Timer 





Bus Interface 
Interrupt 

/O Port 
Memory 

Wait 


yy 








No, for three cycles immediatley after reset (power-on reset Low Power Mode 


cycle), NMI and INT are disabled. 


Refresh 





Clock Generator 
ASE 
Software | 
Others 

Application Manual 


After these three cycles, the first instruction is executed and 
interrupts are enabled. Figure 1 shows the timing. 


















Opcode fetch HD641180X, HD643180X 
: Power-on reset ; ’ ’ 

(restart from HD647180X Hardware Manual 

0000H), interrupts 

enabled Other Data 






Figure 1 Power-On Reset Timing 





Note: NMI is latched immediately after the power-on reset Reference Q&A 


cycle. 
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- [Titer [interupt during RetteshOyele SSCS 

: | Classification 
Is an interrupt (NMI or INT) acknowledged during refresh p YMMU 
Taso 


CSI/O 
Timer 







Bus Interface 
Interrupt 

/O Port 
Memory 

Wait 


“J 


” 
m 








No, interrupts are ignored during refresh cycles. However, Low Power Mode 


NMI is acknowledged immediately after refresh cycles 
during instruction execution because NMI is edge sensitive. 
Figure 1 shows NMI acknowledge timing after refresh cycle. 


Refresh 







Clock Generator 






Software 
Others 
Application Manual 


HD641180X, HD643180X, 
HD647180X Hardware Manual 


Other Data 





Machine. Refresh — | ' Lastmachine NMI 
cycle cycle cycle acknow- 
ledge 
cycle 









2 


Figure 1 Refresh Timing 


INT (INTo, INT,, and INT») is ignored during refresh cycles. 
lf INT remains active after the refresh cycle, it is 
acknowledged during the instruction just after refresh. 
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t 






[item [ NMTAcknowedge 
| @ | | . Classification 
Is NMI acknowledged if it occurs during the timing | |MMU 


sequence in figure 1? DMAC 


ASCI 
CSI/O 
Timer 









Last machine cycle 
Th T2 T3 












Bus Interface 
Interrupt 

/O Port 
Memory _ 
Wait 


4] 


timing 


NMI sample 


tNMIW 
(more than 120 ns) 


Figure 1 NMI Timing 


SECTION 





Low Power Mode 






Yes, if tynaiw (NMI pulse width) is 120 ns or more, NMI is 
sampled and NMI acknowledge cycle begins after the last 
MC (machine cycle) 


Refresh 







Clock Generator 
ASE 
Software 







If the NMI is asserted low for tyyiw Or longer between 1 
and 2 in figure 2, it will be sampled at the falling edge of the 
clock marked 2. 












ven , Next instruction 
instruction, , 


Se 


1 2 
Figure 2 NMI Timing 


Application Manual 


HD641180X, HD643180X, 
HD647180X Hardware Manual 


Other Data 
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[item | inierupt Acknowledge Timing ater Elinstrucion Execution 
| Q | | | Classification 
When is an interrupt acknowledged after an El instruction? p[MMU 
[owas 
[eso 
[Finer 


Bus Interface 














Interrupt 
/O Port 
Memory 
Wait 


4] 





| Maskable interrupts (INT, etc.) are acknowledged in the Low Power Mode 


last machine cycle of any instruction cycle other than El. 





| Refresh 





Clock Generator | 
ASE | 
Software 

Others 
Application Manual 


HD641180X, HD643180x, 
HD647180X Hardware Manual 


Other Data 


Note that no interrupts can be acknowledged during El 
instruction execution. Therefore, if an interrupt occurs _ 
immediately before or during an El instruction cycle, it is 
acknowledged after the end of the RETI instruction cycle 

| following the El instruction. . | 




















For example: 






; < Interrupt request 
El wi 
RET! <- Interrupt request acknowledged during this 
instruction 
(Interrupt acknowledge cycle) 
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Normally, the CPU samples interrupts at the falling edge of 
the o clock pulse prior to state T3 or T; in the last machine 
cycle. 


When does the CPU sample interrupts during a block 
transfer instruction which may require a hundred or more 
machine cycles? 


The CPU samples interrupts at the falling edge of the o 


clock pulse prior to state T3 or T; in the last machine cycle 
| of each one byte transfer (figure 1). . 


Interrupt acknowledge cycle 


(n — 1)th byte 
transfer cycle 
—> 


MC5 MC6 
n-th byte transfer cycle 


MC1 MC2 MC3 Mc4 4% 
T; To Tal T1 To T3} Ti To Ta Ty To Ta Tip Ti 


Interrupt 







Interrupt 
sampling 


Figure 1. Interrupt during Biock Transfer 
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HD641180X, HD643180X, HD647180X| Q&A No. | QA641-048AV/E 
item | Interrupt Sampling during Block Transfer Instruction Execution 










Classification 


ja 
owas 
jase 


CSV/O 
Timer 






Bus Interface 
Interrupt 

/O Port 
Memory 

Wait 


4 


Low Power Mode 
Refresh 

Clock Generator 
ASE 

Software 

Others 
Application Manual 


HD641180X, HD643180X, 
HD647180X Hardware Manual 


Other Data 
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[_ltem | interrupt during SLP Instruction Cycle 
<n 

What is the CPU status when an interrupt occurs during ) {MMU 
| SLP instruction execution? | [ |pMAC 


ASCII 
CSI/O 
‘Timer 












Bus Interface 
{Interrupt 

/O Port 

Memory 

Wait 

Reset 

Low Power Mode | 





How the CPU operates when an interrupt occurs during 
SLP instruction execution depends on whether it is the 
HD647180X. The different responses are shown on the 
| next page. | 






Clock Generator 





Software 
Others 
Application Manual 


62) 
m 





Other Data 
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om 


| Type |HD641180X, HD643180X, HD647180X| Q&A No. | QA641-049A-2/E 
Item | Interrupt during SLP Instruction Cycle 


SLP fetch cycle Sleep mode; Interrupt acknowledge cycle 


To 3 T ~=6Te Ty To 


Interrupt ge 


Address 2nd SLP opcode address Next address 


| 7FFFFH 
Figure 1 HD647180X SLP Timing 


SECTION 





When an interrupt is sampled during an SLP instruction cycle, HALT is asserted low 
for 1 clock state, and the address bus outputs FFFFFH. 
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| Type |HD641180X, HD643180X, HD647180X| Q&A No. | QA641-050A/E 

| INT, Mode 0 | | ae 7 

| | QO | Classification 

lf the CALL instruction (three-byte instruction) is executed p |MMU 
during INTg mode 0 acknowledge cycle, the CPU cannot - DMAC 

return from the interrupt service correctly. Why is this? | ASC 


CSI/O 
Timer 










Bus Interface | 
Interrupt 

/O Port 

Memory 

Wait — 


v 


INT mode 0 operates as follows: 


Low Power Mode 

Refresh 

. Stacks PC contents by an instruction, usually (one-byte) 
RST, fetched during INTg mode 0 acknowledge cycle 

. Stops incrementing the PC during INT> mode 0 
acknowledge cycle 

. Executes instruction fetched from data bus during 

interrupt acknowledge cycle 


Clock Generator 
ASE 

Software 

Others — 
Application Manual 


HD641180X, HD643180xX, 
HD647180X Hardware Manual 


Other Data 


However, if the (three-byte) CALL instruction, which 
requires three machine cycles to fetch including the 
operand, is executed during INTg mode 0 acknowledge 
cycle, PC increment stops only during interrupt 
acknowledge cycle (one machine cycle) and is incremented 
by 2 during the rest of the CALL instruction (operand fetch). 
As a result, PC + 2 is stacked as the return address. 
Therefore, decrement the stacked PC value by 2 in 
software to return from the interrupt correctly. 
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HD641180X, HD643180X, HD647180X] Q&ANo.| QA641-051NE 
| item | NMI Interrupt Sampling Timing 







Classification 


NMI is sampled at the falling edge of a @ clock state prior to p {MMU 
Tg or T; in the last machine cycle of each instruction. = DMAG 


1. When is NMI sampled if the last machine cycle is an 
internal T; cycle? 


CSI/O 
Timer 
















2. How about INT? 
Bus Interface 


I/O Port 
Memory 








Both NMI and INT are always sampled at the falling edge of Low Power Mode 


a » clock pulse prior to state T3 or T; of the last machine 
cycle. The NMI sampling is not affected by the number of 


internal T; cycles (figure 1). eer Ge nelaier 


ASE 
Software 
Others 


Application Manual 


HD641180X, HD643180X, 
HD647180X Hardware Manual 


Other Data 





interrupt 
acknowledge 
Instruction cycle cycle 


ja rte 
T3 Ty T2 T3 Tj : T; : Tj Ty 


eae eee Ree CRS 
= > 
Wiel | 





Sampling 





Tj prior to Tj of last machine cycle 


Figure 1 Reference Q&A 





interrupt Sample Timing during T; 
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Or ree ererrerese err blah aia’, 
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HD641180X, HD643180X, HD647180X] Q&A No. | QA641-052A/E 
| Item | Status Bit during TRAP 
| Q | | | Classification 
1. What happens if an additional TRAP occurs before the | MMU 
INT/TRAP control register TRAP bit is cleared? ira DMAC 
2. What is the status of the TRAP and UFO bits in this | | ASCI | 
case? | C4 CSI/O 


Timer 
















Bus Interface 
Interrupt 

/O Port 
Memory 

Wait 


“| 


Low Power Mode 


1. An additional TRAP interrupt occurs. 


Refresh 
2. The TRAP bit remains 1 since it can be cleared only by 


software. Clock Generator 


ASE 
Software | 
Others 
Application Manual 


HD641180X, HD643180xX, 
HD647180X Hardware Manual 


Other Data 


The UFO bit remains unchanged since it cannot be 
modified while the TRAP bit = 1. 
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Comment] UFO bit: Indicates if TRAP occured in 2nd or 3rd opcode fetch cycle: 
UFO = 0: TRAP occurred in 2nd opcode fetch cycle 
UFO = 1: TRAP occurred in 3rd opcode fetch cycle 
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| Type |HD641180X, HD643180X, HD647180X] Q&A No. |QAG41-053VE 
| Item | PC Stacking during TRAP 


Classification 


fewas 
[ase 


CSI/O 
Timer 






during second opcode fetch and during third opcode fetch? 






Bus Interface 
Interrupt 

I/O Port 
Memory 

Wait 


“j 









SECTION 





Table 1 summarizes CPU operations when TRAP occurs 
during the second and third opcode fetches. 






Table 1 CPU Operations during TRAP Low Power Mode 


Refresh 
TRAP during Second TRAP during Third 
Machine Opcode Fatch Opcode nae | | Clock Generator 
Cycle Status PC Status PC | {ASE 
2 Se 
occurrence occurrence 
internal Memory PC | [Others 


operation read Application Manual 
3 ~ Stack PC Internal PC = 


operation PC +17 
4 —_— — Stack PC—-1 













| Other Data 
When the TRAP occurs in the second opcode, the CPU 


stacks the PC for the undefined opcode’s location . 


When it occurs in the third opcode, the CPU stacks PC — 1 Reference Q&A 


for the undefined opcode’s location . 


Comment 
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item [Ni during OMATransier SSS 
| Q- | Classification 
What happens to DMAC after NMI assertion? | {MMU 
eowac 
[asc 
Tes 


Timer | 





Bus Interface 
Interrupt 
I/O Port 
Memory 
Wait | 
Reset 


v 


Low Power Mode 


When NM is asserted low during DMA transfer, the DMA 
| transfer ends at the end of the current DMA cycle. 


Refresh 

Clock Generator 
ASE 

Software 

Others 
Application Manual 


HD641180X, HD643180X, 
HD647180X Hardware Manual 


Other Data | 


However, note that the NMI acknowledge cycle begins at 
different times, depending on the CPU status before DMA 
transfer (figures 1, 2, and 3). In addition, NMJ is sampled 
twice to stop the DMA cycle and start the NMI acknowledge 
cycle. 


DMAC operations can be restarted by writing to the 
corresponding channel's DE bit. 


) 
NMI acknowledge cycle timings are shown on the next 
| pages. 
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HD641180X, HD643180X, HD647180X] Q&A No. | QA641-054A-2/E 
| item NMI during DMA Transfer 


1. When DMA transfer starts during instruction execution cycle 





















a. When the DMA cycle starts during the instruction execution cycle, before the last 
machine cycle (T;, To, and T3) of instruction A, NMI is sampled at the falling 
edge of To in the last machine cycle of A (figure 1). 






Reset of 


Instruction A instruction A NMI acknowledge 
cycle DMA cycle cycle cycle 
; 7 
DREQ NMI sampling to NMI sampling to start NMI 
sampling stop DMA cycle acknowledge cycle 








Figure 1 DMA Cycle Starting Before Last Machine Cycle 


b. When the DMA cycle starts during the instruction execution cycle, before the last 
internal cycle (T;) of instruction A, NMI is sampled during the DMA cycle 
(figure 2). | 





Instruction A __ lio 
cycle DMAcycle instruction A KIMI acknowledge cycle 











DREQ 49=\Y/ 
NMI sampling to start NMI 


4 acknowledge cycle 
DREQ NMI sampling to 
sampling stop DMA cycle 









Figure 2. DMA Cycle Starting Before Last Internal Cycle 
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"Type |Hpee180x HD643180X, HD647180X| Q&A No. | QA641-054A-3/E ) 
Pion NMI during DMA Transfer 


| 2. When DMA transfer starts at the end of the instruction execution cycle, NMI is | 
samoled at the next falling edge of To or T; of the last machine cycle of the next 
instruction, B (figure 3). 


: Instruction B 
Instruction A cycle cycle following 


(last machine cycle) DMA cycle instruction A | NMI acknowledge cycle 
i pale ag 


NMI sampling to NMI sampling to start NMI 
stop DMA cycle > acknowledge cycle 


o | 
7 TW nartgs fagigename 


- DREQ 
sampling 


Figure 3. DMA Cycle Starting at End of Instruction Cycle 
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[tem [OREGandNMT SO SOSCS~SCSCSCS 
= 
What happens to DMAC operation if NMI is asserted low ) {MMU 
while the DMAC operates under the control of the DREG; | {pMac 


pin? 








ASCII 
CSI/O 
Timer 





Bus Interface 
Interrupt 
/O Port 
Memory 


V 


72 = 


SECTION 





DMAC operation is suspended and NMI is sampled with the Low Power Mode 


timing shown in figure 1. 







Clock Generator 
| NMI acknowledge 


CPU cycle, DMAcycle, CPUcycle,_ cycle 


eg eg eg — 


4 sampiing A Not accepted 










Software 
Others. | 
Application Manual 


HD641180X, HD643180X, | 
HD647180X Hardware Manual 


Other Data 






Figure 1 DMA Cycle Stopped by NMI 
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HD641180X, HD643180X, HD647180X] Q&A No. | QAG41-055A-2/E 
pion [ORE eee 


Note that if DREQ; and NWA are asserted simultaneously, NMI sampling has priority 
(figure 2). 


Instruction cycle NMI acknowledge 
(last machine cycle) - cycle 


> 


DREQ; 


NMI | I 


Figure 2 DREQ; and NMI Conflict 
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[item | internal interrupt Sampling Timing SSCS 
| | Classification 

External interrupts are sampled at the falling edge of state ) [MMU 
To or T; in the last machine cycle. | |DMAC 


When are internal interrupts sampled? ASCI 7 
CSV/O 


Timer 









Bus Interface 
Interrupt 

/O Port 
Memory 
Wait 


J 


. 


SECTION 









During a DMA cycle, internal interrupts from sources like 
DMAC, ASCI, timer, and CSIO are not sampled. 


Low Power Mode 





Refresh 





Clock Generator 
ASE 

Software 

Others 
Application Manual 
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They are sampled at the falling edge of state Tp or T; in the 
last machine cycle of the instruction cycle following the 
DMA cycle (figure 1). 
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| Type |HD641180X, HD643180X, HD647180X] Q&A No. | QA641-056A-2/E_ 
} tem Internal Interrupt Sampling Timing | 


T3 T1 To T3 T1 To T3 Ti To T3 Ti 


EPSRC PERERA ROR EE EEE 
Bus 2 
status DMA read X_DMA write ) X_Last Mc} 
=—___._}><4__-_ >< 


DMA transfer CPU operation 
(last 1-byte transfer), (only one instruction: 


Interrupt 
acknowledge 
DMAC is executed) cycle 
interrupt 
request 


(active low) 


Figure 1 Internal Interrupt Sampling 
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HD641180X, HD643180X, HD647180X] Q&A No.| QA641-057V/E 
| Item INTA Signal Generation 
| @ | | Classification 
The HD64180 can be interfaced to the 8259 to control I/O p YMMU 
interrupts. ia DMAC 
1. How can we generate an INTA signal to be input to the et ASCI 
8259 from the HD64180? x CSVO 


2. Are there any precautions? Timer 





Bus Interface 
Interrupt 

1/O Port 
Memory 

Wait 


| 


1. Three INTA signal pulses must be input when the 8259 is Low Power Mode 


used to control interrupts: Refresh 


Clock Generator 
ASE 


Software 
The INTA pulse for opcode fetch can be produced by LIR ie Others 
and IOE. The INTA pulse for operand fetch can be 

produced by RD. 


a. One INTA pulse for opcode fetch 


b. Two INTA pulses for operand fetch 


Application Manual 


HD641180X, HD643180X, 
HD647180X Hardware Manual 


Other Data 


This interface is the same as for Z80 and 8259. 


Figure 1 shows an example of an INTA signal generation 
Circuit. 
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This circuit is for reference only. Check logic and timing carefully for your application. 
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| Type |HD641180X, H0643180X, HD647180X| Q&A No. | QA641-057A-2/E 


| item INTA Signal Generation | 








Figure 1 INTA Signal Generation Circuit Example 


2. Precautions 


- This circuit cannot be used when the DMAC is used in the system. 


+ When signal RD is used to generate the INTA signal for operand read (1b above) 
TOE must be used to avoid data conflict between I/O and memory (note 1 in 
figure 2). 


- In INTp mode 0, if the RST instruction is executed during its acknowledge cycle, 
the PC is put on the stack. If a CALL instruction is executed, PC + 2 is put on the 
stack. 
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HD641180X, HD643180X, HD647180X] Q&A No. | QA641-057A-3/E 
Item | INTA Signal Generation 





INTp mode 0 Internal cycle 
acknowledge cycle CALL instruction Stack Stack 
(CALL instruction fetch) | operand read (high) (low) 


(Pc XP poss Ysp-1\ sp-2X 4 ) 


Start address 


SECTION 





Notes: 1.RD input to memory pulled high to 
prevent bus conflict. 
2.RD input to INTA pulled high to prevent 
8259 malfuriction. 
Figure 2 INTA Timing 
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[ vee [H064%780x, HD6A9180x, HDSATIBOX 
[item [interrupt Request during HALT Opcode Fetch ———SSSSCSC~*d: 
, Classification | 
Can the CPU acknowledge the interrupt request during p [MMU 
HALT opcode fetch? | |DMAGC 


CSI/O 
Timer — 














Bus Interface 
Interrupt 

/O Port 
Memory 

Wait — 

Reset 


Vv 


eT 
” 
© 


Yes. When interrupt enable flag 1 is set to 1, the CPU will Low Power Mode 


| acknowledge the interrupt request. Refresh 


Clock Generator 
| ASE 
Software 
Others 
Application Manual 


Other Data 
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[tem | Sample Mode Programming Pins' Levels SSSSCSCSC~CS 
<= 
1. When does the CPU sample the level on the mode | [MMU 

programming (MP) pins? | |DMAC 


2. Is it possible to change the CPU mode during operation? tt ASCI | 


| [CSVO | 
Finer 
= Bus Interface 
P [Memeny 
wa 
1. The CPU samples the MP pins’ levels at the rising edge || Low Power Mode 
Aner _|Refresh 
2. No. It is impossible to change the CPU mode during CPU x Clock Generator — 


operation. (CPU does not check mode pins’ levels.) . 








SECTION 
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[item [ Change om inputte Quipat_ SSCS 
rey 
| What does the I/O port output just after it changes from ) [MMU 
input to output? | [pMac 
[se 
eso 
Finer 
[Bos erase 
interrupt 
= Memory | 



















The I/O ports output depends on the contents of the output Low Power Mode 


data register (ODR). If the data direction register (DDR) is 

set to 1 and the ODR is not set to output level data, the.1/O 
port outputs undefined data. Therefore, put valid data in the 
ODR before setting the DDR to 1. . 
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HD641180X, HD643180X, HD647180x] Q&A No.| QA641-076A/E 
| item | I/O Port Status in Sleep Mode 
| Q | Classification 


MMU 
DMAC 


| jasch 
_ jes 
ae 
| [Bus interface 
| finterupt 
[Memory 
| wat 
| [Reset 
The I/O port holds its output levels when the CPU enters | |Low Power Mode | 
sleep mode. | [Refresh 
[| iock Generator 
se 
[Sofware 
[others 
| _ Application Manual 


Other Data 
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What is the status of the I/O port during sleep mode? 
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‘Fire JHoserreox, roessrenx, H0647100x 
Tem [Pom 
<= 

Can port G be left open? | | {MMU 
[ [owas 
[asc 
[eso 
[ [Busimterace 
[fiterupt 
Py WOPoR 
[ [Memoy 
[wat 
[Reset 


Low Power Mode | 














No. Connect port G to Voc or GND through a resistance. 


Refresh 

Clock Generator 
ASE 

Software : 
Others 

Application Manual 






Other Data 
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[item [Notice at alternating Pon Astuncton SSCS 
E 
How can we alternate Port A's function ? ) {MMU 

- [owas 


ASCI 
CSI/O 
Timer 






Bus Interface 
Interrupt 

/O Port 
Memory 

Wait 
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Low Power Mode 

Refresh ° 

Clock Generator 

ASE 

Software 

Others 
Application Manual 


Port A pins can also be used as ASCI channel 1 pins or 


DMA channel 1 pins. If you want to use Port A as ASCI ch 1 
pins or DMA ch 1 pins, please program DDRA after DERA. 
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[Type [Hoser1e0x, HDsesta0x, HDG«7i¢0x] Q&ANO.[QAGH-O7ENE 
[item [RAM Relocate Aca SCCSCS* 
| Q | —— Classification _ 

Is it possible to locate the external memory to the RAM p [MMU 
relocate area? | [pmac 


ASCI 
CSI/O 
Timer 







Bus Interface 
Interrupt 

/O Port 
Memory 

Wait 


4 






| Yes, it is possible to locate the external memory in any 


physical address except for the internal RAM (or ROM). 
areas. 


Low Power Mode 
i Refresh 


Clock Generator 
ASE 
Software 
Others 
Application Manual 
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[tem [inserting Wait State to iniemalROM SSCS 
When internal ROM is accesed, are wait states inserted | [MMU 
according to the programmed value in operating mode 2? | |DMAG 

Case 

Ciesvo 

[mer 

[ [Busimterace 


/O Port 
Memory 
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Low Power Mode 


Yes, wait states are inserted for internal ROM. 


Clock Generator 
ASE 
Software 
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HD641180X, HD643180X, HD647180x] Q&A No.| QA641-022B/E | 
| Item WAIT Insertion during Refresh Cycle | : | 
| @ | Classification 

Can WAIT cycles be inserted during refresh cycle by p {MMU 

activating the WAIT input (figure 1)? | i DMAC 
| [ASC 

7 | [csvo | 
lisse cla Retoch ayaa Carina Geto fac On 
|_| Bus Interface 
wat = =L_I | [interrupt 
Figure 1 Wait dzuring Refresh 4 V/O Port 

~menny 


Low Power Mode 



















No, WAIT input is disabled during the refresh cycle. 
However, the refresh cycle can be programmed to two or 
three cycles by setting the REFW bit in the refresh control 
register accordingly (figure 2). 


Refresh 







Clock Generator 





7 ~©66 5 4 3 9 ; 
rere frerw] ||| ever fovoo. 
REFE: = 0-Refresh disabled, 1 = refresh enabled ‘Others 








Application Manual 


HD641180X, HD643180X, 
HD647180X Hardware Manual 


Other Data’ 


REFW: 0 = No wait during refresh, 
1 = 1 wait inserted during refresh 
CYCI, CYCO: Refresh cycle interval 











_ Figure 2 Refresh Control Register 






Refresh cycles occur every 10 clock cycles and last for 3 


clock cycles after RESET. Reference Q&A | 
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HD641180X, HD643180X, HD647180X] Q&A No. QAG41-023B/E 
} Item | WAIT Function at I/O Access | 


Classification 
[a 
[[ouac 

ASCI 


CSI/O 
Timer 





Is the WAIT state (Ty) always inserted during I/O access? 





Bus Interface 


/O Port 
Memory 


SECTION 





Yes, at least one wait state is inserted during external I/O Low Power Mode 


access. 


During on-chip /O access, zero to four wait states are Clock Generator 


automatically generated, depending on the status of CPU 
and on-chip I/O (ASCI, CSI/O, PRT DATA register access). 
For internal I/O access, the value of the DMA/WAIT control 
register is ignored. 


Software | 
Others 
Application Manual 


HD641180X, HD643180x, 
HD647180X Hardware Manual 


Other Data 
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| Type |HD641180X, HD643180X, HD647180X] Q&A No. | QA641-122A/E © 
| Item | inserted Wait States | 


How many wait states are inserted after the reset start in 
the single-chip mode? : 


Classification | 












i 
= 






| DMAC 
ASCI 

CSI/O 
Timer 





Bus Interface 
Interrupt 

I/O Port 
Memory 

Wait | 


Low Power Mode 





| After reset, three wait states are inserted, depending on the 


initial value. Refresh 


Clock Generator 


Software 
Others 
Application Manual 
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| Type |HD641180X, HD643180X, HD647180x] G&A No.| QA641-024A/E 
| tem Power-On Reset Sequence 
| Q- Classification 


How is the power-on reset sequence performed? oo 
EG DMAC 


jase 
[eso 
[rier 
| [eestitorace 


[inert 
Crore 
[memory 
[wet 
[Reset 
[ [ow Power iodo 
C[Retesh 
[[eseck Generator 
se 
[sears 
[omer 


Application Manual 


HD641180X, HD643180X, 
HD647180X Hardware Manual 



















| Figure 1 shows the power-on reset sequence. 


| Restart 
| Reset state | Opcode fetch 


T, To 















i] 









i More that 6 clock cycles 
RESET 5—/} 
Ao-Aro | High impedance SOOOOF 
Restart address 








Figure 1 Power-On Reset Sequence 


RESET pin should be low for more than 6 clock cycles. 
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| Type |HD641180X, HD643180X, HD647180X] Q&A No.|QA641-058V/E | 
| Item Control Signal Status after Reset | | 
| Q | Classification 


What is the status of the control signals after each reset? = MMU 
| DMAC 
ASCI 
CSV/O 
Timer 
Bus Interface 
Interrupt 
/O Port 
Memory 
Wait 


The RESET signal must be asserted for at least 6 states. Low Power Mode 


| Table 1 shows the status of each control signal. 


Refresh | 
Clock Generator 
ASE 
Software 
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Table 1 Control Signal Status 


Control Signal Status os 


Address bus | . High impedance 
Data bus High impedance 
Control signals (RD, WR ME, TOE, — High (1) 

ST, LIR, HALT, BUSACK, TEND,) 

E Low (0 


do Clock output 


However, if RESET is not held low for at least 6 clock states 
at power-on reset, the state of these signals is undefined. 

; For external reset, each signal remains unchanged until it is 
; reset. 
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| Type |HD641180X, HD643180X, HD647180X]} Q&A No. | QA641-025A/E 
| Item Bus Status during Sleep Mode 


. Classification 


What is the bus status when the SLP instruction is ) {MMU 


executed? 


ASCI 
CSV/O 
Timer 
Bus Interface 
Interrupt 
/O Port 
Memory a 

[wat 
Table 1 shows the bus status. Low Power Mode | 
, Refresh 

Table 1 Bus Status | | [Refresh 

| Lal Clock Generator 

a Ase 

Address bus High (Ap—A 1g = FFFFFH) . 

Data bus High impedance _ | [Software 


{ _ Control signals Inactive | [Others 
Application Manual 


HD641180X HD643180X, 
HD647180X Hardware Manual 


Other Data 
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HD641180X, HD643180X, HD647180X] Q&A No. | QA641-026A/E | | 
| Item | Sleep Mode and System Stop Mode | 


| a | Classification 
What is the difference between sleep mode and system ) [MMU 


stop mode? DMAC 
ASCI 


CSI/O 
Timer 











Bus Interface 
Interrupt 

I/O Port 
Memory 

Wait 


Low Power Mode | 


“f 


Table 1 shows the major differences. 






Refresh 


| Table 1 Sleep Mode and System Stop Mode 


Clock Generator 







Mode Function Exit 
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Sleep CPU stop * Interrupt (internal/external) 

* Reset Software 
System CPU and internal « Interrupt (external) Others 
stop VO stop __* Reset 
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HD641180X, HD643180X, 
HD647180X Hardware Manual 
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Tem [ Recovery fom SysiomSp SO OOSCS~SCSCSCS 
| Classification 

What is the system status after recovery from system stop po MMU 
_ Ca 


ASCII 
CSI/O 
| Timer 











Bus Interface 
Interrupt 

/O Port 
Memory 

Wait 

Reset 


SECTION 





Low Power Mode 


4] 


System stop mode is a combination of sleep and !/O stop 
| modes. 
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The HD64180 exits system stop mode on detection of NMI 
or INT external interrupts only, except for RESET. 






If interrupts are globally disabled (IEF1 = 0), instruction 
execution begins with the instruction following the SLP 
instruction. 








If interrupts are globally enabled (IEF1 = 1), the appropriate 
normal interrupt response sequence executes. 









However, I/O stop mode continues until the I/O stop bit is 
set to 0 after recovery from system stop mode. 
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[Liter [System Standby Funcion SSCS 
| | Classification 

Does the HD64180 have a system standby function (stop p [MMU 
clock) to Rene power consumption? | | | |DMAC 


CSI/O 
Timer 
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Bus Interface 
Interrupt 

/O Port 
Memory 

Wait 


; 


No, clock stop function is not provided. Minimize the clock 

frequency to reduce power consumption. However, if you 

stop the clock completely, MPU operation and data in the 
registers are not guaranteed. 


NI 





Low Power Mode 
Refresh 
Clock Generator 






To minimize power consumption, we recommend: 
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Others 
Application Manual | 
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1. Store all register information into battery backed-up RAM 





2. Stop power supply to HD64180 
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Litem | Interrupt Sampling in Sleep Mode 
| Q | Classification 
1. Can an interrupt be accepted in sleep mode? | {MMU 
[| [owas 
[ [eso 
[ [timer 
[Bus iverace | 
[fiero 
[von 


Memory | 
Wait 


















2. If so, when is sleep mode cancelled? 










SECTION 





Low Power Mode 


| 1. The CPU accepts interrupts at the falling edge of the | 
- Clock pulse one pulse after it enters sleep mode 


(figure 1). 





Refresh 






Clock Generator 
ASE 
Software 


Totnes 


| Application Manual - 
| | HD641180x, HD643180x, | 
- IEF flag = 0: CPU begins an NMI acknowledge cycle or | HD647180X Hardware Manual 

executes the instruction following the SLP_ . ~ Other Data : 
instruction for maskable interrupts 





. Sleep mode is cancelled one and a half clock pulses 
after an interrupt is accepted. The CPU status is 
recovered according to the IEF flag status: 







¢ IEF flag = 1: CPU begins an interrupt acknowledge 
cycle 
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| Type |HD641180X, HD643180X, HD647180X] Q&A No. | QA641-059A-2/E 
} Item Interrupt Sampling in Sleep Mode 


| Interrupts can 
be sampled 
SLP instruction Sieep Interrupt 
cycle mode acknowledge cycle 


T3 Ty To Ts Ts T; To 


Interrupt 





10 4,50 
Figure 1 Timing of Interrupt during Sleep Mode 
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Cem | Dynamic RAM Retesh aurig OMA 
| Q | Classification 

Is DRAM refreshed during internal DMA operation? | [MMU 
[owas 


ASCI . 
CSI/O 
Timer 











Bus Interface 
Interrupt 

/O Port 
Memory | 
Wait 





| Yes, retresh cycles are inserted during internal DMA cycles. Low Power Mode 






gel ee cee aes 


Ei Refresh 






The refresh controller does not distinguish DMA cycles from 


CPU cycles. Clock Generator 


ASE 
Dynamic RAM refresh is performed at the end of the 
machine cycle during both CPU and DMA cycles. The Software 
interval and duration of the refresh cycle are programmable. z= Others 
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Cees [Dynanie RAW Rehesh 

; a | : | | Classification 

_] 1. Is the HD647180X refresh controller different fromthe | [MMU | 
Z80 refresh controller? | [DMAG 


ASCI | 
CSVO 
Timer 























| 2. What is the function of the R counter? 


Bus Interface 


/O Port 
emory 


5 





| 1. Yes, the refresh controller is different from the Z80 Low Power Mode 


refresh controller. Refresh cycles are inserted or 
supressed by software. Also, the interval (10¢-806) and 
length (26-39) of the refresh cycle are programmable. 
The refresh address (8-bit address) is output at Ag—A7 
(figure 1). 





Refresh 
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Clock Generator 
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Application Manuai | 
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MC Refresh cycle MC + 1 


Gee ee LE el Let 














Figure 1 Refresh Example (refresh programmed to 3 
cycles) 









. Reference Q&A 
QA641-022B 


2. The R counter counts the number of CPU opcode 
fetches. It has no relation to dynamic RAM refresh. 
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item [Retresh Oycleinserion SC 
Classification 

Normally, a refresh cycle is inserted at the breakpoint of an p }MMU 
instruction cycle (machine cycle). | |DMAG 
Is it possible to insert a refresh cycle between consecutive | fAsch 


internal machine cycles (Tj)? 








CSI/O 
Timer 





Bus Interface 
Interrupt 

/O Port | 
Memory 

Wait 


SECTION 





Yes, a refresh cycle can be inserted between internal Low Power Mode 


cycles, and between internal and machine cycles (figure 1). Refresh 


J 
Clock Generator 
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Software 
Others © 
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‘MC*: Normal machine cycle ( 71, T2, (Tw), and T3) 
Figure 1 Refresh Cycle Insertion Point 
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| Item | EXTAL and 6 
| Qa ~~ | | : 7 Classification 


What is the relationship between EXTAL input and @ clock 
output when an external clock is input through EXTAL? 







HD641180X, HD643180X, HD647180X} Q&A No. | QA641-061A/E 







pa 
owas 
ASCI 7 
CSI/O 


Timer 


Bus Interface 
Interrupt 

/O Port 
Memory 
Wait 









| > clock changes synchronously with the falling edge of 
EXTAL (figure 1). | 


EXTAL — “Y | ' | 


bs Delay SP; ~~ —P, —_— Delay 


Low Power Mode 
Refresh 
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: Delay: 40 ns typ (reference only) 






Figure 1 External Clock | 
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HD641180X, HD643180X, HD647180X] Q&A No. | QA641-062A/E 

| Item | @ Clock Output Frequency Error | 

| Q | Classification 

| Normally, @ clock output frequency is one half of the crystal | [MMU 
oscillator frequency. Cal DMAC 

Why does 6 clock output frequency equal the crystal = ASCI 

frequency in our system? i CSI/O 
[mer 
Ls Bus Interface 


/O Port | 
Memory 
Wait 










SECTION 





How RESET and Tout 1 terminals are handled may effect 
clock output frequency. Therefore, take the following two 
types of measures: | 






Low Power Mode 
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Jf 
1. Check that the reset circuit design asserts the RESET 
signal for at least six clock states. 





2. Do not pull down Tout 1 (it is an output signal). 
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HD641180X, HD643180X, HD647180X] Q&A No. | QA641-123A/E 
} Item | @ Pin Handling | 


Classification | 


If pin is not used, can it be connect capacitively to GND | [MMU | 


(figure 1)? DMAC 
ob 


ASCl 
ay 


CSI/O 
Figure 1 Unused 6 Pin 
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Bus Interface — 


/O Port 
Memory 
Wait 


Yes. The @ pin can be connected to GND through a Low Power Mode 


maximum capacitance of 90 pF. Refresh 
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Tem [ASE Trace Fundion SSCS 
Classification 
How is ASE trace information displayed on the CRT? | p [MMU 
DMAC : 

ASCI 

CSI/O © 

Timer 














Bus Interface 
Interrupt 
/O Port 
Memory 


&. 


SECTION 





Low Power Mode 





After go or step command execution, the trace buffer 
pointer indicates the last trace data location. Specify display 
numbers with negative values until the pointer corresponds 
to the trace pointer. After moving the trace buffer pointer 
with the trace pointer command, you can specify the display 
number with a positive value (figure 1). 







Clock Generator 
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Software 

Others 
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Trace Trace 











buffer Trace buffer Application Manual 
buff 
rae a Ge H180AS01 User's 
polmel Manual 
Trace 4 Display number : 
buffer can be specified Other Data 
pointer Increment by either positive 
by negative or negative 
value number — 
Reference Q&A 
Figure 1 Displaying Trace Information sl 
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[Item | Dynamic RAM Refresh of ASE 
| Q | | Classification 
Dynamic RAM refresh depends on the refresh control p {MMU 


register programming. DMAC 
ASC| 
CSI/O 


Timer 



















If the dynamic RAM refreshed during the wait state for 
command input when using ASE? 






Bus Interface 
Interrupt 

/O Port 
Memory 
Wait 





When ASE is used, dynamic RAM refresh is executed as Low Power Mode 


follows, depending on refresh control register programming: Refresh 





Clock Generator 
ASE 
Software 
Others 
Application Manual 


H180AS01 User's 
Manual 


Other Data 


1. Refresh enable: REFE = 1 





7 ae 


It REFE bit is set to 1, dynamic RAM is refreshed while 
ASE is waiting for command input. 






. Refresh disable REFE = 0 









if REFE bit is set to 0, dynamic RAM is not refreshed 
while ASE is waiting for command input. (But refresh 
cycles are inserted during trace.) | 
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| Type | HD641180X, HD643180X, HD647180X] Q&A No. | QA641-033A/ 


| Item | Difference between RET and RETI Instructions | 






Classification 


What is the difference between the RET and the RETI p YMMU 
instructions? | [pMac si 

[asc 
[eso 
[timer 
[Bus mierace 


Interrupt 
I/O Port 
Memory 
Wait 










SECTION 





Both RET and RETI instructions return from a subroutine to 


Low Power Mode 


the main program. Both instructions have identical 
functions. 


Refresh 

Clock Generator 
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Other Data 


However, RETI is normally used to return from an external 
interrupt (INT, INT;, or INT>) service routine. J 
Since RETI is a two-byte instruction, peripheral devices 
know the completion of the current interrupt service routine 
during RET! execution, especially when using daisychain 
(Z80 peripheral). 





However, for external interrupts, especially daisychained 
interrupts, the RET instruction is useful for identifying an 
internal interrupt service routine. 
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HD641180X, HD643180X, HD647180X} Q&A No.| QA641-034A/E 
| Item | LD A, R and LD R, A Instructions 


Classification 






Can the refresh address be read by executing anLD A, R 4 MMU 
or LD R, A instruction? DMAG 


ASCI 
CSI/O 
Timer 





Bus Interface 
Interrupt 

I/O Port 
Memory — 
Wait 

Reset 


Low Power Mode 
Refresh 


The HD64180 incorporates a dynamic RAM refresh Clock Generator 


controller. But the R counter indicates the number of CPU | JASE 
opcode fetch cycles and has no relation to dynamic RAM Soft 
refresh. ; 


Application Manual 


HD641180X, HD643180X, 
HD647180X Hardware Manual 


Other Data 


No, the refresh address cannot be read by executing the LD 


A, RorLD R, A instruction. 
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[item | Processing Speed of S0200 Gross Assembler CSCS 
Classification 
What is the processing speed of the cross assembler for the ) [MMU 


ASCI | 
CSI/O 
Timer 








Bus Interface 
Interrupt 

/O Port 
Memory 

Wait 





It is about 2.5 minutes per 1,000 steps (2.5 min/kstep) Low Power Mode 


(floppy disk based) on the SD200 for S180XAS6F (version 
1.0). 
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Clock Generator 
ASE 

Software 

Others 

_ Application Manual 


HD641180X, HD6431 80x, 
HD647180X Hardware Manual 


Other Data 


| 





Reference Q&A 





Comment 





HITACHI 


Hitachi America, Ltd. * San Francisco Center * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 » (415) 589-8300 





SECTION 
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| Type | HD641180X, HD643180X, HD647180X 
| Item LDIR Instruction 


What is the bus cycle status during LDIR instruction } | MMU 
execution? : DMAC 


= ASCI 


asc 
eso 
Primer 
[|e erase 
Tintern 


/O Port 
Memory 


Q&A No.| QA641-036A/E._”™” 


Classification 















Low Power Mode | 





Fourteen instruction cycles are repeated. The last execution 


cycle (BC = 0) is twelve cycles. That is: Refresh 
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malt 





+ BC <0: fourteen instruction execution cycles are 
repeated 





| 






- BC = 0: twelve instruction execution cycles are repeated 





See figure 1. 
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HD641180X, HD643180X, HD647180x] Q&A No. | QA641-036A-2/E 
| item LDIR Instruction 


LDIR (ED B 9) 
Operation 


(HL)Jm — (DE)m 
BC ,r-1 > BC, 
DE r+ 1 DE, 


HL +1 — HL, 
Repeat until BC, = 


Bus cycle 


2 a as a ie a a 


1st DE Tj Tj 1st 
opcode oo **« opcode 
fetch fetch fetch 


SECTION 





Execution cycle 


1st 2nd HL 
opcode opcode 
fetch fetch 


Last execution cycle (BC = 0) 


*. 
. 


1 machine cycle 
**: Internal operation machine cycle 


Figure 1 LDIR Instruction Timing 
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[item | Extension instructions (INO, OUT) SSCS 
Are there any limitations when the INO or OUTO instructions p |MMU 
access external I/O? | |DMAGC 


ASCI 
CSI/O 
Timer 











Bus Interface 
Interrupt 

/O Port 
Memory 

Wait 






Yes, the INO and OUTO instructions can only access the Low Power Made 


| lower 256 bytes of I/O space. Refresh 









Clock Generator 
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Software 

Others 
Application Manual 


IN g, (Cc) and OUT (c), g instructions can access more than 
256 bytes of I/O space (figure 1). 
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Figure 1 I/O Space Access 
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[item [ DEC (ING) and DAAInsiuctions SS SSCSCSCS~CS 
<= 
Normally, the DAA instruction is executed to obtain BCD p [MMU 
data after ADD or SUB instruction execution. | |DMAC 






























Does the DAA instruction adjust the result after DEC (INC) = ASC 
instructions? a CSO 
[Timer 
Py Bus Interface 
i Interrupt 
| | VO Port «6 
- 
Tweed) 
wet 
[Reset 
No, the DAA instruction does not support BCD adjustment 4 Low Power Mode 
after DEC (INC) instructions. | [Refresh 
DAA execution results depend on flag conditions. See table i Clock Generator 
Tomes 
Sen eoeen a |! eeieeeeeee ane 
Instruction — Acc N Cc H Application Manual 
(Initial value) __00 | 0 0 0 HD64180 Data Sheet 
DEC A FF 1 0 1 
DAA F9 (FF + FA) 1 1 1 Other Data 
Refer to the HD64180 user's manual for details. ae 
Reference Q&A 
HITACHI | ee 
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HD64180S NPU Network Processing Unit 


Technical Q and A 
Application Note 


Preface 


The HD64180S NPU (network processing unit) is a single-chip microcontroller that facilitates high- 


speed, low-cost processing of a variety of communication functions such as communication protocol | 


and other user-specified functions. 
The HD64180S mainly incorporates the following on a single chip: 


° 8-bit CPU 

¢ Multiprotocol serial communication interface (MSCT) 

¢ Asynchronous serial communication interface/clock-synchronous serial I/O port (ASCI/CSIO) 
¢ DMA controller 


The HD64180S enables high-speed data transfer by taking over communication program processing 
from the host CPU. 


This LSI, for example, can be used in an auxiliary communication system for computer-to-computer 
communication, or in the distributed control unit installed in an industrial robot. 


In addition, the HD64180S can be easily applied to any type of existing communication system 
because it can interface with LSIs having conventional communication functions and can be 
controlled by conventional communication programs. 


How to Use This Technical Q& A Manual 


This technical manual contains answers to questions that many users have asked regarding Hitachi 
microcontrollers. It is intended to supplement the explanations in the current data books and user’s 
manuals. Thus, please use this manual together with the data books and user’s manuals. 


If any further questions arise as you use this manual and the products described, please do not 
hesitate to get in touch with your nearest Hitachi semiconductor sales office. 
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HD64180S Q&A No] QA641-002B/E 
| Item | Logical to Physical Address Translation 
| @ | Classification 








5 
= 


Can the MMU base register (MMU common base register 
and MMU bank base register) be programmed so that 
common area 1 overlaps with the bank area? 


ASCI/CSIO | 





5 


S121 als 
BI Slalsa 
hats 


Chip Select 
Low Power Mode 


SECTION ~ 





eset 








Bus Interface 
Clock Generator 





Yes, depending on the MMU base register programming, 
common area 1 and the bank area may overlap (figure 1). 





Figure 1 Overlapping Common Areas 
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HD64180S_ | Q&A No.|QA641-004C/E | 


item | DE (DMA Enabie) Bit in DMA Status Register 






Classification 


a 
= 


When NMI occurs, DE is reset to 0 and DMA operation is 
disabled, passing control to the CPU. | 


ASCI/CSIO 
MAC 
imer 
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Figure 1 NMI Timing Reference Q&A 





2. To restart DMA operation, set DE bit to 1. 
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| item | DWE Bit in DMA Status Register | 
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| The DWE bit, which enables write operation to the DE bit, is a Bus Intertace 
necessary to prevent the DE bit from being affected by the ra Clock Generator 
write operation to the other bits of the DMA status register. | [ ASE 
The following gives a more specific description. [| Software 
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Before writing to the EOT, EOM, BOF, or COF bit during 
DMA transfer, 1 must be written to the DE bit. However, if 
the DMA transfer ends immediately before writing to the DE 
bit, DMA transfer will undesirably resume when 1 is written 
to the DE bit. The DWE bit prevents this, disabling any 
unnecessary write operation to the DE bit. 
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} Item | Memory (specified in application program)-to-I/O DMA Transfer 
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program)-to-I/O DMA transfer independently of the MMU ca MSCI 
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HD64180S _ | Q&A No.} QA641-009B/E | 
| item | Memory « I/O (Z80 Peripheral) DMA Transfer 
| _ Classification 


MMU 
When memory < I/O (Z80 peripheral) DMA transfer is 
executed while DREQ is programmed for level sensitivity, iS MSCI 
DMA transfer does not complete correctly. - ASCI/CSIO 


Are there any restrictions on DMA operation? (RDY signal abled 
from Z80 peripheral is input to DREQ of HD64180S, with | | Timer 


one inverter inserted to invert the active-high RDY signal.) 
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The Z80 peripheral RDY signal is negated during DMA write pus Nene 


cycle to the peripheral LSI. Therefore, if DREQ is 
programmed for level sensitivity, an additional DMA cycle 
starts since RDY is negated after DREQ sampling (figure 1). 
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Figure 1 DMA Timing 
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Take one of three measures: 1) Program DREQ for edge sensitivity, 
2) Insert a wait state during DMA write cycle to modify RDY response 
timing, 3) Mask the DREQ (RDY) signal by the ACK signal. 
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When external I/O is accessed during a DMA cycle, the Bus Interface 


external I/O address is output through the address bus. At 
this time, the JOE signal and address output are decoded to 
generate a DACK-7 signal (figure 1, ©). 
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Figures 1 and 2 (next page) show the DACK generation 
circuit and signal timing, respectively. 
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Figure 2 Timing Chart 
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| Type |HD64180S Q&A NoJQA641-097A/E | 


| Item | Ring Configuration during a Chained-Block Transfer | 


Is it possible to configure a ring, by using the function that 
allows a descriptor to specify n number of buffers during a 
DMAC chained-block transfer? 
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Yes. Load the starting address of the descriptor 
corresponding to the first buffer into the chain pointer 
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HD64180S | Q&A No. | QA641-098A/E ae 
| Item CRC Code Transmission during a Memory-to-MSCI DMA Transfer 
| a | Classification 


How is the CRC code sent during a memory-to-MSCI DMA 
transfer? 
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During a chained-block transfer, the CRC is automatically 
sent when status bit 7 of the descriptor corresponding to 
the buffer containing the last data value is set to 1. 
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During a single-block transfer, set the CRCCC bit to1, and 
the CRC code will be automatically sent if an underrun error 
occurs at DMA transfer completion, setting the UDRN flag 
to 1. 
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| item | DMAC Error Handling 
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| item | DCD Pin and CDCD Flag 


Is the CDCD flag (MST1, ST1) reset when the DCD is 
asserted low? 
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No, the CDCD flag is not reset unless 1 is written to the bit 
position. This allows the DCD interrupt to be serviced 
correctly. 
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If the DCD pin and the CDCD flag were reset 
simultaneously, the DCD interrupt request would always be 
cleared and could not be serviced when a higher priority 
interrupt occurred simultaneously with the DCD interrupt 
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or DCD Pin and CDCD Flag 
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Figure 1 CDCD Flag Synchronized with DCD Pin 
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Figure 2 HD64180S CDCD Function 
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specified as the transmit clock signal by the MSCI MTXS 
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Does the TXCM pin function as an input or output when the 
TXCM line input is specified as the transmit clock by the 

MSCI MTXS register, and the auto-echo function (where the 
TXCM pin functions as an output) is selected by MMD2? 
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} tem | AC Characteristics of Manchester Codes 
| @ | Classification 


How are the AC characteristics of the Manchester codes 
defined? The bit boundaries are unclear. 
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| Item | AC Characteristics of Receive FM Data _ | | 
| Qa i Classification. 
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| item | RXRDY Flag 
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HD64180S - | Q&A No.| QA641-105A/E 
| item | CRC Error Handling | | 
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Is it possible to hold MSCI transmit data to either 0 or 1 for 
consecutive cycles, by software? 
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It is possible in the idle state, where 8-bit values in the idle. 
pattern register (MIDL) are sent. The MIDL value should be 
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HD64180S_ | Q&A No.| QA6G41-107NE | 
| item | Mark Output Modulation _ | 
h Qele a | | Classification _ 


Is mark output subject to modulation when FM codes are 
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} item Idle Pattern Transmission | 
| @ | | Classification 


In HDLC mode, does the idle pattern transmission state 
enter the flag transmission state after all eight bits of the 
idle pattern have been transmitted? 
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item V/O Direction Setting of SYNC Line _ 
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How is the I/O direction of the SYNC line specified? 
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} item | Synchronization Using SYNC Line 
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Is it possible to establish synchronization at the end of data | | MMU 
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| Item | Phase Relationship between SYNC Line and Data | 
| Qa | Classification 
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item | SYNC Codes for Byte Synchronous Mode 
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Must SYNC codes match during reception in MSCI byte 
synchronous and external synchronous modes? 
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| item Data Insertion between Flags in Bit Synchronous Mode 
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ls it possible to insert data between a closing flag and an 
opening flag, in bit synchronous mode? 
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Yes. Delaying the data write operation to the transmit buffer 
allows the idle pattern register value to be inserted between 
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| item | Character Insertion in Bit Synchronous Loop Mode 

| Qa | Classification 
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Single address 2 mode is very useful in the application 
shown in figure 1, where data is transmitted to a specific 
group of stations. This is achieved by specifying the group 
address as the high-order address, and each terminal 
address as the low-order address. | 
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item | ADPLL Synchronization Pattern | 
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Manchester-coded ADPLL synchronization pattern in which MSCI 
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Does the ADPLL operate correctly using an operating clock 
whose duty cycle is smaller than 50%? 
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Yes. It operates correctly as long as tp; yw and tpLtweM 
characteristics are satisfied, where tp) wry is the high-level 
pulse width of the ADPLL operating clock, and tp, ;wrw is 
the low-level pulse width. 
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Is it possible to extract the clock element from the data in 
the receive shift register, in MSCI local loop-back mode? | 
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item | Timer Counting Operation Using Input Clock | 
| Qa” 7 Classification 


Can the timer count events by using the external clock? 
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TIN1 pins by using the event-counting function with the 
| external clock set to a frequency of /4 or smaller. 
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} item | Compare-Match Flag 

| a | Classification 
What happens if the CMF flag is not cleared after the | | MMU | 
interrupt is issued (if enabled) when the contents of the timer - MSCI 
up-counter (TCNT) and timer constant register (TCONR) ie ASCI/GSIO 
match, setting the CMF flag? 
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interrupt routine immediately after the preceding interrupt 
routine. Consequently, the CMF flag must be cleared within 
the (first) interrupt routine. 
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1. What is the bus status during internal I/O access? 
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— Read/write: Outputs address 
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item Data Sampling Timing during Memory Read 

| a Classification 
Does the CPU sample data at the rising edge of T3 during | | MMU 
opcode fetch cycles and at the falling edge of T during Pf MSCLO | 
operand and data read cycles? i ASCI/CSIO 
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Yes, the CPU samples the operation code on the data bus at Bus Interface 


the rising edge of T3 while it samples operands and data at 
the falling edge of Ts (table 1). 
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| item | Address Bus Status during INT, Acknowledge Cycle 
| Classification 









What is on the address bus generated by the CPU during 
the INTp acknowledge cycle when IOE is asserted low? 
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How is ST output during the INTg mode 0 interrupt 
acknowledge cycle? 
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Item | Interrupt during MMU Operation | 
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How will the MMU be affected if an interrupt occurs during | | MMU | 
its operation? | | | MSCI 
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If an interrupt occurs during MMU operation, the interrupt 
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programming. Therefore, the interrupt vector should be 
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programming (figure 1). 
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[item | WWTo Mode? 
| | Classification 


In Z80 INTg mode 2, the LSB of the lower vector in the 16- 
bit vector address (Ap) is always 0. 
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automatically set to 0. The 280 data book explains that the 
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However, even if the LSB of the lower vector (Dg) is set to 
1, the interrupt sequence is executed correctly. | 
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| item | NMI during Interrupt Acknowledge Cycle 
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Is NMI acknowledged during the interrupt acknowledge | | MMU | 
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Yes, one instruction (excluding El and DI instructions) is 
executed after the INT acknowledge cycle, then the NMI 
acknowledge cycle. 
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item | Interrupt after Reset | 
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Is NMT or INT acknowledged immediately after reset? P| MMU 
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No, for three cycles immediately after reset (power-on reset Bus Interface 


cycle), NMI and INT are disabled. 
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After these three cycles, the first instruction is executed and 
interrupts are enabled. Figure 1 shows the timing. 
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Figure 1 Power-On Reset Timing 
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No, interrupts are ignored during refresh cycles. However, 
NMI is acknowledged immideately after refresh cycles 

during instruction execution because NMI is edge sensitive. 
Figure 1 shows NMI acknowledge timing after refresh cycle. 
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Figure 1 Refresh Timing 





INT (INTo, INT;, and INT.) is ignored during refresh cycles. 
lf INT remains active after the refresh cycle, it is 
acknowledged during the instruction just after refresh. 
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Yes, if tynarw (NMI pulse width) is 120 ns or more, NMI is 
sampled and NMI acknowledge cycle begins after the last 
MC (machine cycle). 
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lf the NMI is asserted low for tNMIW or longer between 1 
and 2 in figure 2, it will be sampled at the falling edge of the 
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Note that no interrupts can be acknowledged during El 
instruction execution. Therefore, if an interrupt occurs 
immediately before or during an El instruction cycle, it is 
acknowledged after the end of the RETI instruction cycle 
following the El instruction. 
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item | Interrupt Sampling during Block Transfer Instruction Execution 
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Normally, the CPU samples interrupts at the falling edge of | MMU 
the o clock pulse prior to state T3 or Tj in the last machine hs MSCI 


cycle. | ASCICSIO 
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The CPU samples interrupts at the falling edge of the o 
clock pulse prior to state T3 or T; in the last machine cycle 
of each one byte transfer (14 or 120) (figure 1). 
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item | Interrupt during SLP Instruction Cycle 
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What is the CPU status when an interrupt occurs during | | MMU | 


SLP instruction execution? | 
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FFFFFH 
Figure 1 CPU Timing 
When an interrupt is sampled during an SLP instruction 
cycle, HALT is asserted low for 1 clock state, and the 
| address bus outputs FFFFFH. 
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| item | INT) Mode 0 | | 
| Q | : Classification 


If the CALL instruction (three-byte instruction) is executed 
during INTg mode 0 acknowledge cycle, the CPU cannot 
return from the interrupt service correctly. Why is this? 
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. operand, is executed during INTp mode 0 acknowledge 
cycle, PC increment stops only during interrupt 
acknowledge cycle (one machine cycle) and is incremented 
by 2 during the rest of the CALL instruction (operand fetch). 
As a result, PC + 2 is stacked as the return address. 
Therefore, decrement the stacked PC value by 2 in 
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} item | NMI Interrupt Sampling Timing 
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| MMU | 
NMI is sampled at the falling edge of a clock pulse prior to | [vw 
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| the second last ¢ clock pulse of the last machine cycle. The 
NMI sampling is not affected by the number of internal T; - 
cycles (figure 1). 
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| Item | Status Bit during TRAP 
| a | Classification 


1. What happens if an aditional TRAP occurs before the 
INT/TRAP control register TRAP bit is cleared? 
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UFO bit: Indicates if TRAP occurred in 2nd or 3rd opcode fetch cycle: 
UFO bit = 0: TRAP occurred in 2nd opcode fetch cycle 
UFO bit = 1: TRAP occurred in 3rd opcode fetch cycle 
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1. Why is the stacked PC value different for TRAP 
occurrence during second opcode fetch and during third 


2. How can the first opcode address be calculated? 


1. Table 1 summarizes CPU operations when TRAP occurs 
during the second and third opcode fetches. 
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| item | PC Stacking during TRAP 


Therefore, the first opcode address can be calculated from one of the following 
equations to execute the instruction disturbed by TRAP occurrence. 


* TRAP during 2nd opcode fetch 
1st opcode address = stacked PC value — 1 


¢ TRAP during 3rd opcode fetch 
1st opcode address = stacked PC value — 2 
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| Item |NMT during DMA Transfer | 
| a | | 7 Classification 


What happens to DMAC after NMI assertion? 
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However, note that the NMI acknowledge cycle begins at 
different times, depending on the CPU status before DMA 
transfer (figures 1, 2, and 3). 
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| Item [NMI during DMA Transfer | 


1. When DMA transfer starts during instruction execution cycle 


a. When the DMA cycle starts during the instruction execution cycle, before the last 
machine cycle (Tj, To, and T3) of instruction A, NMI is sampled at the falling 
edge of T> in the last machine cycle of A (figure 1). 
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stop DMA cycle acknowledge cycle 
DREQ 
samplin 


: Figure 1 DMA Cycle Starting before Last Machine Cycle 


b. When the DMA cycle starts during the instruction execution cycle, before the last 
internal cycle (Tj) of instruction A, NMI is sampled during the DMA cycle (figure 2). 


Instruction Tj of ets 
A cycle DMA cycle instruction A NMI acknowledge 


NMI sampling to start NMI 
acknowledge cycle 
DREQ 


sampling NMI sampling to 


stop DMA cycle 


Figure 2 DMA Cycie Starting before Last Internal Cycle 
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HD64180S Q&A No |QA641-054B-3/E 
| item | NMI during DMA Transfer 
| 2. When DMA transfer starts at the end of the instruction execution cycle, NMI is: 


sampled at the next falling edge of To or T; of the last machine cycle of the next 
instruction, B (figure 3). 


Instruction A cycle 
(last machine cycle) NMI acknowledge cycle 


DREQ . NMI sampling to | NMI sampling to start NMI 
sampling stop DMA cycle acknowledge cycle 


Figure 3 DMA Cycle Starting at the End of Instruction Cycle 


As shown in figure 1 to figure 3, NMI has the following two functions: 


1. To stop the DMA. 
2. To execute the NMI routine. 
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Figure 1 DMA Cycle Stopped by NMI Reference Q&A 
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Litem | DREGI and NM 


Note that if DREQi and NMI are asserted low simultaneously, NMI sampling has 
priority (figure 2). 





NMI acknowledge 


Instruction cycle cycle (DMA 
(last machine cycle) disabled) 


Figure 2 DREQi and NMI Conflict 
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When are internal interrupts sampled? 








They are sampled at the falling edge of state To or T; in the Bus Intertace 


last machine cycle of the instruction cycle. 
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HD64180S | Q&A No.| QA641-057B/E 
} item | INTA Signal Generation 
| QQ | | Classification 
The HD64180S can be interfaced to the 8259 to control I/O | | MMU 


| interrupts. 






= 
= 





ASCI/CSIO 
MAC 
imer 


1. How can we generate an INTA signal to be input to the 
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2. Are there any precautions? 
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| 1. Three INTA signal pulses must be input from the 
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a. One INTA pulse for opcode fetch 
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b. Two INTA pulses for operand read 


PEt tT ett et Tee 


i 





The INTA pulse for opcode fetch can be produced by LIR 
and IOE. The INTA pulse for operand read can be 
- produced by RD. 
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Figure 1 shows an example of an INTA signal generation 
Circuit. » & 
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| Item INTA Signal Generation 
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Figure 1 INTA Signal Generation Circuit Example 


2. Precautions 


* This circuit cannot be used when the internal or external DMAC is used in the 
system. 


When RD signal is used to generate the INTA signal for operand read (1b 
above) [OE must be used to avoid dataconflict between I/O and memory (note 1 
in figure 2). 


In INTO mode 0, if the RST instruction (3-byte) is executed during its 
acknowledge cycle, the PC is put on the stack. If a CALL instruction is executed, 
PC + 2 is put on the stack. 
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Notes: 1. RD input to memory pulled high to 
‘prevent bus conflict. 
2. RD input to INTA pulled high to prevent 
8259 malfunction. 


Figure 2 INTA Timing 
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| item — Interrupt Request during HALT Opcode Fetch - 
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Yes. When interrupt enable flag 1 (IEF1) is set to 1, the Bus Interface - 


CPU will acknowledge the interrupt request. 
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| Yes, the number of wait states specified by the software us Interiace 
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During on-chip I/O access, no wait state is inserted. 
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| item | Power-On Reset Sequence | 


How is the power-on reset sequence performed? 






Classification 





x 
= 


ASCI/CSIO 





imer 


Chip Select 
Low Power Mode 


| Figure 1 shows the power-on reset sequence. Bus Interface 


Clock Generator 
Restart 


Opcode fetch 
Reset state T, To Ts 


Eee Ae 


oftware 


9 


> s|alo = 

wm 

f 2/3/3//8 
2 © 


Zz 


More than 6 clock cycles 


fae eee < > 
RESET “\ -f Hg  — 
impedance 


Address ——______ ++ 00000 


Restart address 


Application Manual 


HD64180S | 
Hardware Manual 


Other Data 


Figure 1 Power-On Reset Sequence 


Reference Q&A 








RESET pin must be low for more than 6 clock cycles. 


| HITACHI , 
Hitachi America, Ltd. « San Francisco Center * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 * (415) 589-8300 


| 







SECTION 





Section 


2 171 


Section 


172 2 





[ Type | HDe4180S ARE [TET 
| Item | Control Signal Status after Reset | 7 
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What is the status of the control signals after each reset? 
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The RESET signal must be asserted for at least 6 states. us Interface 


Table 1 shows the status of each control signal. 
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Table 1 Control Signal Status © 
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Control signals (RD, WR, ME, TOE, — High (1) 

ST, CIR, HALT, BUSACK, TEND) 

o- . Clock output 
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However, if RESET is not held low for at least 6 clock states 
at power-on reset, the state of these signals is undefined. 
For external reset, each signal remains unchanged until it is 
reset. 
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| item | Sleep Mode and System Stop Mode 
| a Classification 


What is the difference between sleep mode and system 
stop mode? 
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System stop mode is entered when the IOSTP bit is set to 1 
and the sleep instruction is executed. Other major 
differences are as follows: 
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CPU stopped; I/O not stopped 
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| » System stop mode 
CPU and I/O stopped; clock generator and oscillator 
not stopped 
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item | System Standby Function 
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| Does the HD64180S have a system standby function (stop | | MMU 
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power supply to HD64180S be stopped. 


ees SSAA 
ay 





Application Manual 
HD641808 
Hardware Manual 


Other Data 





Reference Q&A 








Section ; H ITACH i . 
174 2 Hitachi America, Ltd. San Francisco Center * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 © (415) 589-8300 





HD64180S Q&A No. | QA641-059B/E 
item Interrupt Sampling in Sleep Mode 


1. Can an interrupt be accepted in sleep mode? 
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1. The CPU accepts interrupts at the falling edge of the o 
clock pulse one pulse after it enters sleep mode (figure 


1). 
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2. Sleep mode is cancelled two and a half o clock pulses omar 


after an interrupt is accepted. The CPU status is 
recovered according to the IEF1 flag status: 
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¢ IEF flag = 1: CPU begins an interrupt acknowledge 
cycle 














¢ IEF flag = 0: CPU begins an NMI acknowledge cycle 
or executes the instruction following the 
SLP instruction for maskable interrupts 










In this case, input the external interrupt signal so that a Reference Q&A 
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} item | Interrupt Sampling in Sleep Mode 
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- Figure 1 Timing of Interrupt during Sleep Mode 
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The refresh controller does not distinguish DMA cycles from 
CPU cycles. 















.Dynamic RAM refresh is performed at the end of the 
machine cycle during both CPU and DMA cycles. The 
interval and duration of the refresh cycles are 
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1. Yes, the refresh controller is different from the Z80 Bus Interface 


refresh controller. Refresh cycles are inserted or 
supressed by software. Also, the interval and length (20- 
9) of the refresh cycle are programmable. The refresh 
address (12-bit address) is output at Ap-A,, (figure 1). 
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Figure 1 Refresh Example (refresh programmed to 3° 
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fetches. It has no relation to dynamic RAM refresh. 
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Yes, a refresh cycle can be inserted between internal cycles, Bus uleiiace 


and between internal and machine cycles since an internal 
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Figure 1 Bus Release Mode and Refresh eset 
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Only one refresh request is retained, and it is performed 
after the bus cycle following the CPU operation (one 
machine cycle) in the figure. 
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item | o Clock Output Frequency Error 


Normally, @ clock output frequency is one half of the crystal 
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Classification 


item | Pin Handling 


1. If @ pin is not used, can it be connected capacitively to 
GND (figure 1)? 
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| 2. How can radiated noise be prevented? 
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Figure 1 Unused 9 Pin 
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Note that the @ pin should be opened normally so that it is 
an output signal. 
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| item | ASE Trace Function | 
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After GO or STEP command execution, the trace buffer 
pointer indicates the last trace data location. Display 
numbers are indicated with negative values unless the 
pointer is moved with the LINE command. After that, the 
display number can be specified either with a positive or 
negative value (figure 1). | 
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| ttem | Dynamic RAM Refresh of ASE 
| Q | Classification 


Dynamic RAM refresh depends on the refresh control 
register programming. 
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When ASE is used, dynamic RAM refresh is executed as Bus lnleece 
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lf REFE bit is set to 1, dynamic RAM is refreshed and 
dynamic RAM contents remain intact, while ASE is 
waiting for command input. 
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. Refresh enable: REFE = 0 





lf REFE bit is set to 0, dynamic RAM is not refreshed 
while ASE is waiting for command input. 


Reference Q&A 


HITACHI 


Hitachi America, Ltd. « San Francisco Center * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 » (415) 589-8300 





a Ara TION STO TROL EP EA IEEE EPSP? 8 PSU SCSI NIN TT Se EE TAS eh OS ET emer ete mieceeey—er <a ane eee iteneereyya  apespeme ane tepngsmgerepecne: 


SECTION 





Section 


2 185 





HD64180S ‘Q&A No.| QA641-033VE 
| item | Difference between RET and RET! Instructions 
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Both RET and RETI instructions return from a subroutine to 
the main program. Both instructions have identical functions. 





However, RETI is normally used to return from an external 
interrupt (INTo, INT;, or INT >) service routine. 
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RETI notifies peripheral devices of the completion of the 
| current interrupt service routine. 







Application Manual 


HD64180 
Hardware Manual . 


Other Data 





Therefore, for internal interrupts, especially daisy-chained 
interrupts, the RET instruction is useful for identifying an 
internal interrupt service routine. 





Reference Q&A 
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HD64180S Q&A No. | QA641-034B/E 
| item |LD A, R and LD R, A Instructions 
| a Classification 


MMU 






Can the refresh address be read by executing anLD A, R 
or LD R, A instruction? | 


ASCI/CSIO 
MAC 
imer 





Chip Select 
Low Power Mode 


SECTION 





Bus Interface 





No, the refresh address cannot be read by executing the 


LD A, RorLbD R, A instruction. Clock Generator 





The HD64180S incorporates a dynamic RAM refresh 
controller. But the R counter indicates the number of CPU 
opcode fetch cycles and has no relation to dynamic RAM 
refresh. 


Software 
Others 






ces eee eee eee 
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HD64180S 
Hardware Manual 


Other Data 


Reference Q&A 
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HD64180S | : - Q&A No. | QA641-035A/E 
| item | Processing Speed of SD200 Cross Assembler 
| Q | | Classification 


What is the processing speed of the cross assembler for the MMU 
$D200? MSCl 


ASCI/CSIO — 
MAC 
imer 















Chip Select 
Low Power Mode — 





| It is about 2.5 minutes per 1,000 steps (2.5 min./kstep) Bus Interface 


| (floppy disk based) of the SD200 for S180XAS6F (version 
1.0). | 


Clock Generator 


op) 
m 


Software 


| 


Application Manual 


HD64180S 
Hardware Manual 


Other Data 
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HD64180S Q&A No.| QA641-036V/E 
item | LDIR Instruction | 
| a | Classification 


What is the bus cycle status during LDIR instruction 
execution? 








= 
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ASCI/CSIO 
MAC 
imer 





s}/aAl/o = 
i | 


| Chip Select 
Low Power Mode 


SECTION 





Fourteen instruction cycles are repeated. The last execution Bus Interface 


cycle (BC = 0) is twelve instruction cycles. That is: Clock Generator 


«BC #0: Fourteen instruction execution cycles are 
repeated 
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oR 
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oftware 





*BC =0: Twelve instruction execution cycles are 
repeated | 
Application Manual 


HD64180S 
Hardware Manual 


Other Data 


See figure 1. 





Reference Q&A 
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HD64180S Q&A No | QA641-036A-2/E 
| item |b LDIR Instruction 


LDIR (ED BO) 


Operation (Film —» (DE}m 


-1 — BC, 
+1 DE, 


+15 
Repeat until BC ,-=0 


Bus cycle 


[2S a A Se A a 


Ist 2nd qj 1st 
opcode opcode “ ** opcode 
fetch fetch fetch 


* Execution cycle 


Ist 2nd HL 
opcode opcode 
fetch fetch 


Last execution cycle (BC = 0) 


“*: 1 machine cycle 
**: Internal operation machine cycle 


Figure 1 LDIR Instruction Timing 
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HD64180S Q&A No. | QAG41-063B/E 
item | Extension Instructions (INO, OUTO) 
| Qa | | Classification 
Are there any limitations when accessing external I/O, by } | MMU | 
using the instructions whose higher address is 00H such as = MSCI 
INO and OUT0? 


eS ASCI/CSIO 


imer 


















Chip Select | 
Low Power Mode 


SECTION 





Yes, the INO and OUTO instructions can only access the Bus Interface 


lower 256 bytes of I/O space. Clock Generator 





IN g, (c) and OUT (c), g instructions can access more than 


256 bytes of I/O space (figure 1). Software 


a ed eee ed 
alo 
= 






Application Manual 


HD64180S 
Hardware Manual 


Other Data 








by IN g, (c) or 
Accessed 
by INO or OUT (c), g 


OUTO 


/O space 


Reference Q&A 





Figure 1 1/O Space Access 


¢ 


_ * HITACHI Section 
Hitachi America, Ltd. ¢ San Francisco Center * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 « (415) 589-8300 2 191 








HD64180S 7 | Q&A No.| QAG41-064B/E i 
| item | DEC (INC) and DAA Instructions | 
FQ | | "Classification 


| Normally, the DAA instruction is executed to obtain BCD 
data after ADD or SUB instruction execution. 










a 
= 





Does the DAA instruction adjust the result after DEC (INC) chealacsabe 


instructions? 






> QO 
a =e 





imer 


—~ 
i 
~~ 


efresh 
Chip Select 
Low Power Mode 


Bus Interface 


No, the DAA instruction does not support BCD adjustment 


after DEC (INC) instructions. Clock Generator _ 


DAA execution results depend on flag conditions. See table 
1 for an example. | 


eg) 


Y 
m 


oftware 
Others 


V 


Table 1 DAA Example 


Application Manual 


HD64180S 
Programming Manual 


Other Data 


7 Flag 

| Instruction = Acc N Cc 

(Initial value) . 00 0 0 

DEC A __FF 1 0 
1 1 


DAA F9 (FF + FA) 


H 
0 
1 
1 







Refer to the HD64180S user's manual for details. Reference Q&A 
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HD64180 8-Bit Microprocessor 


Technical Q and A 
Application Note 





INTRODUCTION 


The HD64180 is a high-performance 8-bit multichip microprocessor which 
has object code compatibility with the 80 families. System cost is reduced . 
by incorporating such powerful components on-chip as CPU, MMU, DMAC, PRT, 
ASCI, and CSI/O. Internal Op-Code trap for error protection improves 
system reliability. As the HD64180 is fabricated by the advanced CMOS 


SECTION 


process technology, low power consumption and wide operational power supply 





voltage range are realized. The low power consumption modes(sleep and 


system stop) greatly reduce average power dissipation. 


HOW TO USE THIS MICROCOMPUTER 
TECHNICAL Q&A MANUAL 


This is a technical manual composed of answers to questions that many users 
have posed regarding Hitachi microcomputers in the recent months. This 
manual is intended to supplement the explanations in the current data books 


and user’s manuals. Thus, please use this manual together with the user's 
manuals and the data books. 


If any further questions arise as you use this manual and the products that 
described, please do not hesitate to get in touch with your nearest Hitachi 
semiconductor sales office. 
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No. QA641-001A/E 


Ci4s (18s 8m (216m 0 Software 
Type HD64180 


Evaluati kit ° 
() Evaluation ae CisD CsSsc 


MMU Operation 


Classification 


How will the MMU operate if MMU Base Registers 

(MMU Common Base Register and MMU Bank Base Register) 
are programmed to exceed 512k bytes of physical 
address space? CSI/0 

TIMER 

BUS INTERFACE 
INTERRUPT 
WAIT 

RESET 


LOW POWER MODE 
REFRESH 


An example follows. 


Logical Address Space Physical Address Space 


SFFFF MMU Common 
Base Register 


+ L375] 


SECTION 





$81000 
V 


($7FFFF) 


ASE 


‘SOFTWARE 
OTHERS 

Applicable Manual 
Title 


Q >iyo 
tc n = 
ro) Qa 

Q Hl1O 
m 

@Q 

rs 

Zz 

2 

+) 

ro) 

m 


If physical address space exceeds 512k bytes, the 
carry bit is ignored and MMU accesses from physical HD64180 


address $00000. Data Sheet 


Reference Q&A 
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No. QA641-002A/E 


C)4s (18s 8m (16M () Software 
HD64180 


C)Evaluation kit ° Cisp C)ssc 
Emulator 


Logical to Physical Address Translation 


Classification 


Can common area 1 overlap with bank area depending 
on the MMU Base Register's (MMU Common Base Register 
and MMU Bank Base Register) programming? 


SOFTWARE 
OTHERS 
Applicable Manual 


Yes, common area 1 and bank area may overlap 
depending on the MMU Base Registers programming. HD64180 


Physical Address Space Data Sheet 
An example is shown below. 
Logical Address Space 


Bank Area] | a 2S Reference Q&A 





| HITACHI 
Hitachi America, Ltd. * San Francisco Center * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 (415) 589-8300 


No. QA641-003A/E 


O4s 08S M8 (16m 0 Software 
HD64180 


Evaluation kit ° B 
0 Emulator Lisp C)sBe 


DE1 bit in the DMA Status Register (DSTAT) 


Classification 


How long is DMA transfer disabled when DEl bit 
is set to 0? 


LOW POWER MODE 


How does DMA restart? 


SECTION 





CLOCK GENERATOR 
ASE 


SOFTWARE 

OTHERS 

Applicable Manual 
Title 


DMA transfer is disabled until DE] bit is reset 
to 1. DWE1 bit must be written with 0 when HD64180 
performing any software write to DEl. _ Data Sheet 


If memory «> memory DMA transfer is executed in 
burst mode, DMA transfer cannot be interrupted. Cheb vate 


It can only be interrupted in memory «+ memory 
(cycle steal mode), memory +> 1/0, or memory «+ memory 

mapped 1/0 transfer mode. 

To restart DMA transfer, DE] must be set to l. 


Reference Q&A 
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No. QA641-004A/E . 
[J4s (18s 8m ()16m CJ Software 





HD64180 


(]Evaluation kit » Oisp ()ssc 
Emulator , 


DME bit (DMA MASTER ENABLE bit) in DMA Status Register 


Classification 


When NMI occurs, DME bit is reset to 0 and DMA 
operation is disabled passing control to the CPU. 
ASCI 


CS1I/0 
TIMER 


BUS INTERFACE 
INTERRUPT 


WAIT 
RESET 


LOW POWER MODE 
REFRESH 
CLOCK GENERATOR 


ASE 


(1) How is DMA operation timing halted? 


(2) How does DMA operation restart? 


TT yey 
vill 


wn 
ho] 


SOFTWARE — 

OTHERS 

Applicable Manual 
Title | 


(1) When NMI occurs, the CPU is given control after 
the current DMA cycle is completed. HD64180 
The following shows the timing Data Sheet 


hom % mM my yh (iter tee] 
ne Oe eS 
NMI | | 


“ DMA write cycle + CPU cycle 
-|Reference Q&A 


To restart DMA operation, DE (DEO or DEl) bit | No. | 
must be set to l. 
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No. QA641-005A/E 


O4s 18S 8m 0116m 0 Software 
HD64180 


Evaluation kit ° SD SBC 
C Emulator O 0 


DWE bit in DMA Status Register 


Classification 


What is the function of DWE bit in DMA status 
register? 


arr 


SOFTWARE 


OTHERS 
Applicable Manual 


HD64180 
Data Sheet 


| 


Reference Q&A 


SECTION 





Q 
7 
Oo 
(2) 
x 
q) 
te 
a 
3 
| 
oO 
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DE bit enables DMA operation of internal DMAC, while 
DWE bit enables a software write to its corresponding 
DE bit, for a specific channel operation. 
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No. QA641-006A/E 
(14s (18s M8 ()16m CI Software 
HD64180 


(JEvaluation kit » Lisp CSBc 
Emulator 


Memory ** I/O DMA Transfer | 


Classification 


To enable external DREQg input, both Aj7 and Az6 of 
I/O address must be set to 0. 


Is DMA requested by DREQg acknowledged if either Aj7 
or Aig is set to 1? 


SOFTWARE 
OTHERS 


pplicable Manual 


No, if either Aj7 or Ajg is set to 1, DREQg is 


disabled and the DMA request is not accepted. HD64180 
Data Sheet 


a 


Reference Q&A 


> 
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No. QA641-007A/E 


[14s (18s 8m (116m () Software 
HD64180 


(J Evaluation kit » Osp C)sBe 
Emulator 


Memory <> ASCI DMA Transfer 


\ 


Classification 


To execute memory «+ ASCI DMA transfer, DMA source/ 
destination address register should be programmed as 
follows. 


i 


SD 
SOFTWARE 


OTHERS 
Applicable Manual 


No, if bits Ag-Aj5 in DMA source/destination address 
register are not set to OOH, Memory ++ ASCI DMA 

HD64180 
transfer cannot be executed correctly. 


(1) Bits Ag-A7 must contain the address of the ASCI 
transmit or receive data register. 


(2) Bits Ag-A15 must be set to OOH. 


SECTION 


(3) Bits A167A17 must be set to "01" or "10". 





Can the memory «+ ASCI DMA transfer be executed 
correctly if bits Ag-A;5 in DMA source/destination 
address register are not set to OOH? 


Data Sheet 


For example, to execute ASCI (channel 0) RDR > 
memory DMA transfer, Bits Ag-A7 must be set to O8H, peeeo ee 


bits Ag-A;5 must be set to OOH and bits Aj,¢-A17 must 
be set to "01" for correct ASCI (channel 1) RDR > 
memory DMA transfer. 


Reference Q & A 


Bits Ag-A15 set to other than OOH will cause internal DMAC to access 
other I/O address and not RDR. 


(DMA request from ASCI channel 0 is not reset) 
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No. QA641-008A/E 





| O4s 08s msm Oem 0 software 
HD64180 


Evaluation kit °” 
Q a Emulator Elsp see 


Memory (specified in application program) <> I/O DMA Transfer 


Classification 


Is it possible to execute memory (specified in 
application program) ~+ I/O DMA transfer independently 
of the MMU Base Register? 


cs1/0 


BUS INTERFACE 
INTERRUPT 


WAIT 
RESET 
LOW POWER MODE 


4 > 
Hi ~” 

iti 
pe) 


Pla 
nie 
tt 1 © 
Q 
A 
Q 
SI 
a 
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oO 
wn 


SOFTWARE 

OTHERS 

Applicable Manual 
Title 


No, to execute memory (specified in application program) © 
++ I/O DMA transfer correctly, physical source address 
must be defined as follows. 


(1) Software calculates physical source address of ee oD 
data area using the logical source address and Other Data 
the Base Register. Title 


The calculated physical source address is loaded 
into the DMA source address Register. 

When the physical address is known, it can be 
loaded into the DMA address register directly, but 
if DMA transfer is executed within the logical Reference Q & A 
memory area, Block transfer instructions can be 

used. 
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No. QA641-009A/E 
O4s (18S 8m (116m CJ Software 





HD64180 


Evaluation kit ° D SBC 
0 Emulator Ls O 


Memory «> I/O (Z80SIO) DMA Transfer 


Classification 


When memory <> I/O (Z80SI0O) DMA transfer is executed 
while DREQg is programmed for level sense, DMA transfer 
does not complete correctly. 


Are there any restrictions in DMA operation? 
(RDY signal of 280SI0 is input to DREQg of HD64180) 


_ SECTION 





SOFTWARE 


OTHERS 
Applicable Manual 


When DREQ) is programmed for level sense additional 
DMA cycle is executed since RDY signal (which is 
input to DREQg) is set high after additional sampling 
of DMA request signal (DREQg). 


The timing chart follows. Next DMA 


DMA read cycle DMA write cycle read cycle] Title | 
fa fg tg 
Py 43 
. extra DMA transfer cycle 


Reference Qé&A 


+ 
Sample timing of DMA request signal 


If DREQ is programmed for edge sense, DMAC will operate correctly. 


HD64180 
Data Sheet 
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No. QA641-010A/E 


O4s O8s @sm Cem 0 Software 
HD64180 


(Evaluation kit » Cisp Cisse 
Emulator ; 


Break Level Transfer with Asynchronous Serial Communication 


Interface (ASCI) 
Classification 


Is it possible through software to perform break level 
transfer with ASCI? 


¢2) 
Q 
e 


Q 
om 
ro) 
Q 
A 
Q 
t3 
a 
2 
oe | 
2) 
) 


> 
n” 
> | 


SOFTWARE 

OTHERS 

Applicable Manual 
Title 


No, the (HD64180) ASCI cannot perform break level 
transfer through software. . 


However, break level can be transferred if an external 


circuit is connected to RTSg pin and the user system port. Other Data 


An example of a circuit for break level transfer follows. 
HD64180 HD64180 | 


Reference 


If RTSg bit in ASCI control register A or data register 
of port set to 1, break level "0" can be transferred. 
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No. QA641-011A/E 
O4s (18s 8M (16m (Software 





OC) Evaluation kit » Cisp C)ssce 
Emulator 


ASCI Baud Rate Calculation 


Classification 


How is ASCI baud rate calculated? 


i 


REFRESH 


SECTION 





ASE 


SOFTWARE 
OTHERS 


a 
tc 
° 
Q 
2! 
Q 
res 
Z 
3 
+e 
O 
mm 


Applicable Manual 
Title 


The following expression shows how to calculate ASCI 
baud rate. 


HD64180 
Data Sheet 


baud rate = 


system clock (frequency) - 
(sampling rate)°(PS bit)*(divide ratio set by SSO-SS2) 
Note: Sampling rate : 16 or 64 
PS bit : 10 or 30 


; Reference Q&A 
SSO-SS2 2 1,2,4,8,16,32, or 64 
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No. QA641-012A/E 


O4s (1) 8s 8m (J16m (9 Software 
Type HD64180 


C)Evaluation kit » Cisp (ssc 
Emulator ; 


Timer Output 


Does Timer (PRT) channel 0 provide a timer output 
function? 


BUS INTERFACE 
INTERRUPT 


WAIT 
RESET 
LOW POWER MODE 


CLOCK GENERATOR 


SOFTWARE 

OTHERS 

Applicable Manual 
Title 


~” 
GI 


No, PRT channel 1 should be used for timer output. 
Note that TOUT pin is multiplexed with the Ajg pin. 
Therefore, when accessing up to 512k bytes of physical 
memory address, Ajg/TOUT pin always functions as A118, 


HD64180 
Data Sheet 


mt 


erence Q&A 
No. 
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No. QA641-013A/E 
114s 08S 8M ()16m CO Software 





HD64180 


QO) Evaluation kit » Osp Osse 
Emulator 


Timer (PRT) Counting Down Using External Clock 
Classification 


Can the PRT count down using the external clock? 


[ [aus rTERFAGE 
Cfawreeacer 
i cc 
Ces 


|_| Low POWER MODE | 
| [REFRESH 


[[etoce. canenaron 
Cie 
[> 


SECTION 





[[sormiane | 
[forsens 


Applicable Manual 


es PRT can count down using only the ¢ clock (divided by HD64180 


Data Sheet 


at 


Reference Q&A 
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No. QA641-014A/E 





4s (8s 8m ()16m 0 Software 


HD64180 


CJ) Evaluation kit » Osp O)ssc 


Bus Status, during Internal I/0 Access 


What is the bus status during internal I/O access? 


Bus status during internal I/O access is as follows. 


(1) Data bus (Dg - Dy) 


read cycle : high impedance 
write cycle : data : 


Address bus (Ag - Aj) 


read/write cycle : address 


HITACHI 
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Emulator 


Classification 


az 
as 
y) 


ASE 


SOFTWARE 

OTHERS 

Applicable Manual 
Title 


HD64180 
Data Sheet 


Other Data 
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Reference Q&A 
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No. QA641-015A/E 


014s (18S 8m ()16m (2 Software 
Type HD64180 


CJEvaluation kit » [isp CSBC 
Emulator . 


Interrupt during MMU Operation 


Classification 

How will MMU be affected if an interrupt occurs during | |pMac sd 
its operation? 

| | Ascr 

| |est/o 

| | TIMER 

| [BUS INTERFACE 

| O| INTERRUPT 

| [WALT 

| | RESET 


|_| Low POWER MODE 
| [REFRESH 


[Tatoo ceneaaTon 
ys 
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SECTION 





|sormwane 
[forwens 


Applicable Manual 


If an interrupt occurs during MMU operation, the 
interrupt vector is relocated according to the MMU -HD64180 


Base Register programming. Data Sheet 


Therefore, the interrupt vector should be defined 
depending on the MMU Base Register programming. 


However, it is possible for the interrupt vector to 
be located in Common Area 0 which is always located 
in logical address space. 


Reference Q&A 
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Interrupt during DMA Operation 


Classification. 
How will DMAC be affected if an interrupt occurs during | [pMAC 
| |est/o 
| |BUS INTERFACE 
| © | INTERRUPT 
| | WAIT | 
| | LOW POWER MODE 


[[etock. ceneaaron 
[se 
Ce 


[| sormwane | 
[forsens | 


Applicable Manual 


If NMI occurs, DMAC operation is disabled. 


HD64180 
If INT or an internal interrupt oecurs during Data Sheet 
memory «<> memory DMA operation in burst mode, Z 


the interrupt is ignored. 7 


If INT or an internal interrupt occurs during Title 
memory <-» memory DMA operation in cycle steal mode, 

the interrupt is acknowledged and the interrupt 

sequence (CPU cycle) and DMAC read/write (DMAC 

cycle) are executed as follows. 


Reference Q&A 
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INT Mode 2 


Classification 
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free 
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In Z80 INTQ Mode 2, the LSB of lower vector in 16 bit 
vector address (Ag) is set to 0. 


Is the LSB of lower vector (Dg) set to 0 in HD64180 
INTo Mode 2? 


SECTION 





| | SOFTWARE 
| | OTHERS 
Applicable Manual 


No, in Z80 INTg Mode 2, the LSB of lower vector is 


not automatically set to 0. 


The Z80 data 


book explains 


HD64180 


that the LSB (Ag) must be set to 0. 
In HD64180 INTg Mode 2, the LSB of lower vector (Do) 
must be set to 0 since INTg Mode 2 requires a 2-byte 


vector. 


However, even if the LSB (Do) is set to 1, the interrupt 
sequence is executed correctly. 


HITACHI 
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NMI during Interrupt Acknowledge Cycle 


Classification 


Is NMI acknowledged during interrupt acknowledge cycle 
such as INT? 
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mn 
a 
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SOFTWARE. 
OTHERS 
Applicable Manual 


1a 
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Yes, one instruction (excluding EI and DI instructions) 
is executed after INT acknowledge cycle, then NMI 


acknowledge cycle starts. HD64180 


Data Sheet 


NMI response sequence during NMI acknowledge cycle is ' 
the same as above. 


at 


Reference Q&A 
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Interrupt after RESET 


Is NMI or INT acknowledged immediately after RESET? 


eo 
pac 


WAIT 
RESET 


LOW POWER MODE 


Ss 
[Jeuock GENERATOR 
faz 
<a 


~- SECTION 





|sornane 
Joniers 


Applicable Manual 


No, for three cycle immediately after RESET 

(Power-on Reset cycle), 

"NMI and INT are disabled. 

After these three cycles, the instruction is executed 


and interrupt is enabled. The timing is as follows. {Other Data__| 


¢é 


’ | Title 
reser__ 
le POR >i Op-Code Fetch (restart 


from OO00H) Interrupt 


(Power-on Reset) enabled. Reference Q&A 


Note : NMI can be latched immediately after POR cycle. a 


HD64180 
Data Sheet 
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Interrupt during Refresh Cycles 


ao 


Is an interrupt (NMI or INT) acknowledged during 
refresh cycles? 


SOFTWARE 
OTHERS 


Applicable Manual 


No, an interrupt is ignored during refresh cycles. 
However, NMI is acknowledged immediately after 

refresh cycles when executing instruction because HD64180 

NMI input is edge sensitive. Data Sheet. 
The NMI acknowledge timing after refresh cycle is as 


follows. | 
oh ee a a ee ea 


Machine. Refresh Machine NMI 
cycle cycle cycle ss la 


a Reference Q&A 
NMI 


INT (INTp, INT] and INT?) is ignored during refresh cycles. 
If INT remains active after refresh cycle it can be 
acknowledged during instruction executed just after 

reset. 
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NMI Acknowledge 





Classification 


Is NMI acknowledged if occuring during the following 
timing sequence? 


ae 
7) 


~~ Last MC —————-+} 


SECTION 





1 | tnmiw 
(more than 120ns) 


NMI Sample timing 


MC: Machine Cycle 


[| sornane 
[formes 


Applicable Manual 


Yes, if tnMIW (NMI pulse Width) is 120ns or more, 
NMI is sampled and NMI acknowledge cycle begins 


after last MC. HD64180 


Data Sheet 


| 


Reference Q&A 
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WAIT Insertion during Refresh Cycle 


Can WAIT cycle be inserted during refresh cycle by 
activating WAIT input? 


Machine Cycle <C_Refresh Cycle Cycle Machine Cycle 
WAIT | | 


No, WAIT input is disabled during refresh cycle. 
However, the refresh cycle can be programmed to two 
or three cycles setting the REFW bit in the refresh 
control register accordingly. | 


HITACHI 


Hitachi America, Ltd. * San Francisco Center ¢ 2000 Sierra Point Pkwy. Brisbane, CA 94005-1 
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Classification 


| 


[30 


HD64180 
Data Sheet 


Reference Q&A 
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WAIT Function at I/O Access 


eo 
pac 


CLOCK GENERATOR 


Is wait state (Ty) always inserted when accessing 1/0? 


SECTION 





SOFTWARE 

OTHERS 

Applicable Manual 
Title 


wn 
fe) 


When accessing external I/0, a minimum of one wait 

state is inserted. HD64180 
When accessing on-chip 1/0, zero to four wait states Data Sheet 
are automatically generated depending on the status 

of CPU and on-chip I/0. 

(ASCI, CSI/O, PRT DATA register access) 
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Power-on Reset Sequence 


Classification 


How is the power-on reset sequence performed? 


BUS INTERFACE 


LOW POWER MODE 


SOFTWARE 

OTHERS 

Applicable Manual 
Title 
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The Power-on reset sequence is as follows. 


HD64180 
Data Sheet 


Restart 
Op-code Fetch 


Reset state Ty 9 T3 
Pe ee el ee es LL. 


more than 6 clock cycles 


RESET ee ae 


High Impedance 


Address ra >—{f--—-—-< OOO000H Reference Q&A 


Restart Address | 


RESET pin should be held low for more than 6 clock cycles. 
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Item Bus Status during Sleep Mode 
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Classification 






What is the Bus status when the sleep instruction is 
excuted? 










[fous mrenrace _| 
—fareecer | 
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freer 


[e [uow rower nope | 
Carmi | 
[[etoce. ceneRATOn 






SECTION 







SOFTWARE 
OTHERS 
Applicable Manual 






ts 


















The Bus status is as follows. 


Address Bus High (Ag - Ajg = 7FFFF) 


Control signal Inactive 








HD64180 
Data Sheet 


at 


Reference Q&A 
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Sleep Mode and System Stop Mode 


Classification 


| 


What is the difference between sleep mode and system stop 
mode? . 


ertess | 
[CLOCK GENERATOR 


SOFTWARE mi 
OTHERS 3 
Applicable Manual 


The major differences are as follows. 


HD64180 


| | | Data Sheet 
function CPU stop CPU and internal I/0 


Interrupt Interrupt 
(Internal / ' (External) 
External) Reset 


Reset Reference Q&A 
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Recovery from System Stop Mode 


Classification 








What is the system status after recovery from SYSTEM ee 
STOP mode? a 
| | TIMER 
| _|BUS INTERFACE z 
| | INTERRUPT 5 
| | WALT ue 
| | RESET 
© | Low POWER MODE 
| | CLOCK GENERATOR 
| [ASE 
|_| SOFTWARE 
|_| OTHERS 
Applicable Manual 
SYSTEM STOP mode is the combination of SLEEP and 
IO STOP modes. HD64180 
The SYSTEM STOP mode is exited by detection of DSraoeher’ 
NMI or INT external interrupts only. 
If interrupts are globally disabled (IEF1=0), 
instruction execution begins with the instruction 
following the SLEEP instruction. 
If interrupts are globally enabled (IEFl=1), the 
appropriate normal interrupt response sequence is 
executed. 
However, I/O STOP mode is maintained until the 1/0 
STOP bit is set to 0 after recovery from SYSTEM STOP 
mode. 
HITACHI Section 
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Item System Standby Function 










Classification 


Does the HD64180 have a system standby function 
(stop clock) to reduce power consumption? 


SOFTWARE 
OTHERS 
pplicable Manual 
Title . 
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No, clock stop function is not provided. Minimize 


the clock frequency to Beduce power consumption. HD64180 


Data Sheet 


Title 







> t 
However, if clock is stopped completely, MPU 
operation and data in the registers are not guaranteed. 


Reference Q&A 


COMMENT 
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Dynamic RAM Refresh during DMA. 


Is DRAM refreshed during internal DMA operation? 


Yes, refresh cycle is inserted during internal DMA 
cycle. 


Refresh controller does not distinguish DMA cycle 
from CPU cycle. 


Dynamic RAM refresh is performed at the end of 
machine cycle during both CPU cycle and DMA cycle, 
and the internal and duration of the refresh cycle 
are programmable. 





HITACHI 
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CLOCK GENERATOR 
ASE 


SOFTWARE 

OTHERS 

Applicable Manual 
Title 


Other Data 
Title 


Reference Q&A 
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Item Dynamic RAM Refresh 


Is the refresh controller of the HD64180 different 
from that of the Z80? 


Classification 










What is the function of the R countor? CSI/0O 


TIMER 


BUS INTERFACE 
INTERRUPT 


WAIT 
RESET 


LOW POWER MODE 
REFRESH 


Q >ico 
as 25 
aS H1O 

bal 

i?) 

iy! 

a 

ae | 

io) 

=] 


|_| SOFTWARE 


(ea OTHERS 


Applicable Manual 
Title 


Yes, the refresh controller of the HD64180 differs from 
that of the Z80. Refresh cycle is inserted or 
suppressed by software. Also the internal and 

length of refresh cycles are programmable. 

The refresh address (8-bit address) is output at Ag-A7. 


MC Refresh cycle MC+1 
Se eee hea a 
Address <Agp- 47 — Az . 


REF 















-HD64180 
Data Sheet 


Reference Q&A 





* Refresh should be 3 cycles. 


The R Counter counts the number of CPU op-code fetch 
cycles and has no relation to dynamic RAM refresh. 


COMMENT 
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Trace Function of ASE 


eo 


RESET 
| |Low POWER MODE 


REFRESH 
CLOCK GENERATOR 


SOFTWARE 
OTHERS 
Applicable Manual 


Title 
After excution of the Go or Step command, the trace ae 
buffer pointer indicates the last trace data. H180ASO1 
Specify display number with negative value until the 
pointer corresponds with Trace Pointer. 


After moving the Trace Buffer pointer with the Trace 
Pointer Command, it is possible to specify the display 


number with a positive value. 
Trace Buffer . Trace Buffer 
Trace Buffer 


pointer “)The display Reference Qé&A 


number can be | No. 
Trace Buffer [increment specified 
Pointer with with either 
a positive or 
negative value 
negative value. 


How is the trace information of ASE displayed on the 
CRT? 


User's Manual 
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Dynamic RAM Refresh of ASE_ 


Classification 


Dynamic RAM is refreshed depending on the Refresh Control 
Register programming. 


Is the dynamic RAM refreshed during the wait state for 
command input when using ASE? 


SOFTWARE 

OTHERS 

Applicable Manual 
Title . 
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When using ASE, dynamic RAM refresh is executed as 
follows by programming the Refresh Control Register. H180ASO01 
User's Manual 


(1) Refresh enable: REFE=1 
If REFE bit is set to 1, dynamic RAM is refreshed 
during waiting state for command input. Other Data 


Refresh disable: REFE=0 

If REFE bit is set to 0, dynamic RAM is not 
refreshed during wait state command input. 
(But refresh cycle is inserted during trace.) 


Reference Q&A 
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Difference between RET and RETI Instructions 


What is the difference between the RET and RETI 
instruction? | 


Both the RET and RETI instructions are used to return 
to the main-program from a subroutine, and both 
instructions have identical functions. 


However, RETI instruction is normally used to return 
from an external interrupt (INTg, INT] or INT?) 
service routine. 


Since RETI is a two-byte instruction, peripheral devices 
know the completion of the current interrupt service 
routine during RETI execution especially when using the 
daisy chain (Z80 Peripheral). , 


Also, when using an external interrupt, especially the 
daisy chain, RET instruction is useful in identifying an 
internal interrupt service routine. 
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Applicable Manual 


HD64180 
Data Sheet 
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LD A, R/LD R, A Instructions 


‘Classification 


Can the refresh address be read by executing a LD A, R 
or LD R, A instruction? 


BUS INTERFACE | 
INTERRUPT 


WAIT 
RESET 


LOW POWER MODE 


SOFTWARE 

OTHERS 

Applicable Manual 
Title 
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No, refresh address cannot be read by the LD A, R or 
LD R, A instruction. HD64180 

Data Sheet 
The HD64180 incorporates a dynamic RAM refresh controller. 


But the R counter indicates the number of CPU op-code 
fetch cycles and has no relation to dynamic RAM refresh. 


aan 


Reference Qé&A 





Section ' ; HITACHI 
230 2 Hitachi America, Ltd. ¢ San Francisco Center * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 © (415) 589-8300 


No. QA641-036A/E 


(14s (18s 8m ()16M (J Software 


HD64180 


(jEvaluation kit ° 


LDIR Instruction 


What is the status of the bus cycle during LDIR 
instruction execution? 


14 instruction execution cycles are repeated. 


The last execution cycle (BC-0) is 12 cycles. 


If BC + 0, 14 instruction execution cycles are repeated. 


If BC = 0, 12 instruction execution cycles are repeated. 


(refer to the following page) 
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LDIR Instruction 


LDIR (ED B¢) 
Operation (HL)m > (DE)m 
BCR-1 >BCR 
DERt+l > DER 
HLptl +HLR 
Repeat until BCp=0 


Bus cycle. 
* 
ad 2nd HL DE ed Ti Ist 


Ist 
Op code Op code **k Op code 
fetch fetch fetch 


execution cycle 


ist 2nd HL DE 
Op code Op code 


fetch | fetch ; 


Last execution cycle (BC=0) 


* 4 machine cycle 


** machine cycle for internal operation 
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E Clock during Sleep Mode or Bus Release Mode 
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farce 


bt CLOCK GENERATOR 


fase 


SOFTWARE 
OTHERS 
Applicable Manual 
Title 


Is it possible to extend E clock pulse width by 
inserting wait status (Tw) during Sleep Mode or 
Bus Release Mode? 


> iy 
a | 
Hla 


SECTION 





No, since WAIT input is ignored during Sleep Mode or 
Bus Release Mode, E clock cycle cannot be extended. HD64180 
Data Sheet 


Other Data 


Reference Q&A 
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E Clock Timing during DMA Cycles or Refresh Cycles 


Classification 


What is the E clock output timing during the DMA or 
refresh cycle? 


SOFTWARE 
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Applicable Manual 
Title — 
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DMA access memory or I/O duration of E clock output 


' ’ 
High is identical to the CPU. HD64180 


Data Sheet 


M R/W cycle Tot \ T3¥ 
| I/O read Ist Ty + V T3¥ 
Reference Qé&A 


Thus, the output timing is as follows. 





I/O write lst Tw * ~~ T3t 


During refresh cycle clock output is held low. a 
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Internal I/O and External 1/0 Access 
Classification 


How is internal I/O accessed if an external I/O address 
conflicts with an internal I/O address? 


eso 
fre 
[aus rwrenrace 


INTERRUPT 

WAIT 

RESET 

LOW POWER MODE 


SECTION 





CLOCK GENERATOR 
ASE 


SOFTWARE 
OTHERS 


Applicable Manual 


Read case 
Internal I/O is read. 


Write case 
Both internal and external I/O are written with 


the same value. 
Other Data 


mt 


Reference Q&A 
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Data Sheet 
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HD64180R/Z, HD647180X 


Application Note 
Working with Interrupts 


Introduction 


Hitachi’s HD64180R/Z and HD647180X devices suit many 


controller applications that take advantage of the services of . 


these devices’ on-chip features. Such applications also 
require interrupt handling to respond to events occurring in 
the system. 


This Application Note discusses details of the 64180 device’s 
interrupt prioritization and handling capabilities. Included 
are examples of the use of the on-chip Asynchronous Serial 
Communications Interface transmit and receive interrupts. 


This Application Note supplements information that is avail- 
able in the 64180 family Hardware Manuals. For more 
information on interrupts and details on the registers men- 
tioned, please refer to the Hardware Manual for the HD64180R/ 
Z or the HD647180X. 


Enabling Interrupts 


A hardware reset disables all interrupts except NMI and 
TRAP, which are non-maskable. The following steps must be 
taken in order for the interrupt controller to accept and handle 
maskable interrupts: 


1. When using INTO Mode 2 or internal interrupts, load the 
Interrupt Vector Register (I) with the most significant eight 
bits of the 16-bit vector table address. 


2. When using internal interrupts, load the Interrupt Vector 
Low Register (IL) to access to vector table. 


3. For external interrupts, set the ITE2, ITE! and ITEO bits 
of the INT/Trap Control Register (ITC) to 1 to enable INT2, 
INT1 and INTO respectively. 


4. For internal interrupts, set the control register bits for the 
function to enable the required intcrrupt. For instance, enable 
the Transmit Interrupt for the Asynchronous Serial Commu- 
nication Interface (ASCTI) by setting bit 0 of the ASCTI Status 
Register (STAT) to 1. Bit 0 is the Transmit Interrupt Enable 
(TIE) bit. | | 


5. Finally, when the required vectors are initialized and 
interrupts enabled, the CPU must execute the Enable Interrupt 
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(EI) command. This sets the IEF1 and IEF2 flags to 1. As 
described in the hardware manuals, IEF1 controls general 
enabling and disabling of maskable interrupts (enabled when 
IEF1 = 1), DEF2 manages the occurrence of NMI. 


The 64180 maskable interrupts are enabled at two levels, a 
general enable using the IEF1 bits (controlled using the EI and 
DI instructions), and an interrupt specific enable in either the 
ITC or a on-chip control register. This combination of 
enabling allows the user to control when each interrupt can be 
accepted. | 


Interrupt Service Routines 


All vectored interrupts require a user-written interrupt service 
routine (ISR) to execute the system response to the interrupt. 
This routine should perform the following steps: 


1. Save all registers used by the ISR, or swap to the alternate 
register set using the EXX and EX AF,AF’ instructions. 


2. Perform interrupt handling tasks, polling status bits as 
necessary to determine the exact cause of the interrupt. 


3. Restore registers saved or swapped. 


4, Reenable interrupts using the El command. When the CPU 
accepts an interrupt, the IEF] flag is set to 0 preventing all 
other interrupts from occurring. The EI command sets this 
flag back to 1 to allow other interrupts to be accepted. 


5. Return to the interrupted program using either RET or 
RETI. Both perform the same function, but RETTis a two byte 
instruction. Use RETI when interfacing to an external I/O 
device that decodes RETI to determine the end of an interrupt 
service. 


Interrupt Prioritization — 


The 64180 interrupts are prioritized in order from highest to 
lowest as shown in the hardware manual for the particular 
64180 device in use. When more than one interrupt occurs at 
a time, this prioritization determines which interrupt is ac- 
cepted and serviced. 


Once the CPU accepts an interrupt and interrupt service 
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Main 
Program 


INTO service 


INTO > 
request 


RETI 
INT1 service 
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(re-enable ASCIO receiver interrupt) 
RETI | 


| ASCIO service 
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accepted after here 


ASCIO-> 


request — ee 
RETI 


Figure 1 - Interrupt Prioritization 





begins, no other interrupt can be accepted until the EI instruc- 
tion is encountered in the executing interrupt service routine. 
When El executes, the IEF 1 flag is set, and any new or pending 
interrupt can be accepted. 


Keep this in mind when setting up systems requiring nested 
interrupts, or higher priority interrupts that should preempt 
_ lower priority interrupt service. The EI command can be 
placed anywhere in an interrupt service routine, with the result 
of any enabled interrupt being acceptable following EI execu- 
tion, . 


The 64180's interrupt prioritization allows the highest pend- 
ing interrupt request to be serviced, but does not prevent a 


lower priority enabled interrupt from being accepted during 
ahigher priority interrupt service routine once ET is executed. 
To prevent a lower priority interrupt from occuring in such a 
case, disable this interrupt at the control register level during 
the higher priority interrupt service routine. 


Figure 1 shows an example of allowing higher priority 
requests to interrupt a lower priority interrupt service routine. 
In this example, INTO is generated by an external source to 
signal an alarm condition that should trigger a response in 
most cases, but sometimes is masked. INT2 should be 
serviced without interruption, except when external circuitry 
‘triggers INTO. In addition, the system receives data through 
the ASCI under interrupt control. 
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Once the system has been initialized, only these three inter- 
rupts are enabled (INTO, INT1,and ASCIO). Since the INT1 
service should not be interrupted by an ASCIO interrupt, this 
routine should start by masking the ASCIO receive interrupt 
by setting the RIE bit of STATO to 0 (this interrupt should be 
reenabled prior toreturning). The next step of this routine, and 
the first step of the ASCIO service routine would be to execute 
the EI command. This allows all other enabled interrupts to 
be executed. 


AS nchronous Serial Communication Interface 
(ASCD Interrupts 


The 64180 ASCI channels can each generate an interrupt to 
a separate vector location. The ASCI channels can be 
programmed to generate an interrupt on either the receiver 
condition, the transmitter condition, or both. 


An interrupt can be generated by the receiver condition when 
the receive data register is full (RDRF), or an overrun, parity 
or framing error occurs. An interrupt can be generated by the 
transmitter when the transmit data register is empty. 


If both the receiver and transmitter interrupts are enabled for 
an ASCI channel, this channel’s interrupt service routine must 
check to see which source caused the-interrupt. Do this by 
polling the ASCI status register. 


Interrupt driven serial data transfers can minimize CPU time 
while maximizing data transfer rates. When using interrupt 
driven data reception, data can be received into a buffer in 
memory via an interrupt service routine. This memory buffer 
can be accessed by the CPU when it is ready to read the data. 


HITACHI 
Hitachi America, Ltd. * San Francisco Center ¢ 2000 Sierra Point Pkwy. Brisbane, CA 94005-1819 « 





HD64180R/Z, HD647180X 


This frees the CPU from polling the ASCI receiver, and allows 
the CPU to work on other tasks. 


Interrupt driven data transmission can also minimize CPU 
involvement. Place data to be transmitted in a buffer in 
memory, and enable the transmit interrupt. Each time the 
transmit data register is empty, an interrupt service routine is 
executed. This routine takes a byte of data from the memory 
buffer and places it in the transmit data register. The service 
routine should disable the transmit interrupt when all the 
memory buffer data has transferred. 


Whether to use interrupt driven serial I/O depends on the 
amount of data being transferred, and the relationship be- 
tween the data transfer speed and the system operating speed. 
For slower system speeds and faster data transfer rates, the 
amount of time required to enter and process an interrupt 
service routine may offer little benefit over a polling scheme. 
Consider these parameters when choosing between interrupt 
driven or polled schemes. 


Summary 


The HD64180R/Z and HD647180X devices provide users 
with an interrupt controller with two levels of interrupt 
enabling, fixed prioritization, and flexibility that allows nested 
interrupts and preemption of lower priority interrupts by 
higher priority requests. 


Both off-chip interrupts and interrupts generated by the on- 


chip peripheral functions can be handled. The ASCI inter- 


rupts, described in detail here, can be used to maximize data 
transfer rates, while minimizing CPU time for controlling 
these transfers. 
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Demo Board to PC Bus Shared Memory Interface 





I. DESIGN NOTES: 

The device used to provide shared memory is the Hitachi 
HD63310R Smart Dual Port RAM (SDPRAM). This device 
contains 1Kx8 of dual ported memory and 32 control/status 
registers. The devices is configured as two banks of 512 bytes 





Diagram | - Shared Memory Divisions 


of memory operating with a non-multiplexed address bus. 
Bits 0 and 1 of the Command Register (CMD) select whether 
the lower or upper bank is to be accessed by subsequent reads 
and writes to the device. The SDPRAM is mapped into the 
memory space of the PC and the '180 Board. The SDPRAM's 
control/status registers, including the semaphore registers are 
_ mapped into the I/O space of the '180 Board, and into the 
memory space of the PC. See Diagram 3 for this mapping. For 
more information on the operation of the SDPRAM, refer to 
the HD63310R data sheet. i | 


The 1Kx8 of shared memory is divided into two equal 


portions. If we look at it like the '180 Monitor sees shared . | 


memory (occupying addresses FC00-FFFF) the first section 


starts at FCOO and ends at FDFF, and the second section starts 
at FEOO andends atFFFF. Diagram 1 displays these divisions. 
The PC writes to the same section that the '180 Monitor reads 
from and the '180 writes to the PC’s read section. Both 
portions are implemented as circular 
queues. When the last available 
memory location in a particular sec- 
tion is filled the next character is put 
at the start of the section (wrapping 
around to the beginning). 


Two pointers for each section tell the 
requesting party where to put data or 
where to get data from. In both 
shared memory sections these point- 
ers occupy the first four bytes of 
space available. These two pointers 
are called STORE and RETRIEVE. 
Diagram 1 (above) shows where these 
pointers are located in relation to the 
rest of shared memory. These point- 
ers only contain the offset from the 
base of the shared memory section. 
The '180 always sees shared memory 
as FCO0-FFFF but the PC may map 
this memory to one of several 
memory segments. To allow for this 
difference we only store the offset. 


Memory semaphores are used ex- 
plicitly by both the'180 Monitor and 
the '180 Client software. We use two of the eight semaphores 
available, each one controlling access to one portion of shared 
memory. The first semaphore controls access to shared 
memory FEOO-FFFF and the second to memory locations 
FC00-FDFF. 


Each time we access shared memory we follow the following 
steps: 

1. Get the appropriate memory semaphore. 

2. Access the appropriate pointer (STORE if you are writing 
a character, RETRIEVE if you are reading a character). 

3. Add the contents of this pointer to the base address of the 
shared memory section you are accessing. 

4. Perform the operation. 
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To demonstrate how this works let us assume that we want to 

write a character, ‘X’, from the PC to the '180. Let us also 

assume that our PC maps shared memory to CSC00-CSFFF. 

The layout of shared memory as seen by both the '180 and PC 
_is shown in Diagram 2 (below). 


The first step is to get the write 
semaphore. For the SDPRAM, this 
is done by writing a"1" to bit 1 of the 
Acquire Ownership Register (AQR). 
Once written, this bit is read back to 
determine if it is set. If it is set, the 
semaphore has been acquired. Ifnot, 
continue to write "1" and read back 
until the bit reads back set. 


Next we read the contents ofmemory _ 
location CSC00-C5C01 to get the 2 
byte offset that represents the loca- 
tion where we need to write the 
character. Let us assume that that 
offset is C44. 


We add that offset to the base ad- 
dress of the PC write section of shared 
memory, C5000 to get the complete 
address, C5C44. We store the char- 
acter, ‘X’, in location C5C44 and 
increment the STORE pointer by 1 
to obtain C45, 


Finally we write the new value for STORE, C45, to memory 
location C5C00-C5CO1 and release the semaphore. To 
release the semaphore, bit one of the Release Available 
Register (REL) must be written with "1". 


This is a very simplified example. We also need to be 
concerned with these factors: 

-What if shared memory is full? 

-What if we cannot get the memory semaphore? 


What if shared memory is full? 

First we need to know how to determine if shared memory is 
full. Since we already have pointers to the start and end of the 
circular queue we can compare the memory offsets that these 
pointers contain to determine if there is space available. In all 
cases the pointers are updated after the operation is complete, 
so we do our checking before the operation is done. If the start 
of the queue is equal to the end of the queue then the queue is 


empty. Ifthe start of the queue is equal to one greater than the - 


end of the queue then the queue is full. 





If the queue is full we keep checking it until there is space 
available. The only time when this is a problem is when one 
side is writing to shared memory and: the other side is also 
writing to shared memory (and thus notreading anything from 


Shared Memory 
Layout 


Diagram 2 - Shared Memory as seen by the '180 and the PC 


shared memory). Eventually in this scenario shared memory 
would fill up and the sending side would stop and wait for 
available space. When the other side stops writing to shared 
memory it will read from shared memory, freeing up space. 


There is only one specific instance when any type of deadlock 
can occur. If the '180 is sending a large amount of output to 
shared memory (such as a large dump) and is not reading any 
input into shared memory and the PC is also sending a large 
amount of output to shared memory and was no reading any 
input into shared memory, and this condition continues until 
both portions of shared memory are filled up then both sides 
will be waiting for free space (in a deadlock condition). 


This instance is impossible since the only operation that can 
be run on the PC that sends a lot of data to SM without ever 
reading from shared memory is the File Transfer function, 
which requires the '180 to be in the ‘load’ state (always 
reading, never writing). So the way we handle the shared 
memory full condition works. 
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What if we cannot get the semaphore? used (see the User’s Guide to the Shared Memory Interface). \ 
If the semaphore is not available we keep trying to get it until Atthe software level if the memory segment is not the default 
itis. The semaphore is obtained before each character is read segment (C500) the user must enter the segment being used as 


or written and released when that 
operation is done, so the sema- 
phore is notheld for along time. If 
we do have to wait it will not be 
noticeable. 


ILIMPLEMENTATION 
NOTES 


1. Automatic Interface Selec- 
tion 

When the '180 Monitor first starts 
up (or when a RESET is per- 
formed) the user is asked to press 
return to continue. At this point 
we determine which interface the 
<return> came from and make it 
the primary interface. All future 
Output is only sent through this 
interface (before this point all out- 
put is sent to both interfaces). 


To use the other interface the user 
may perform a RESET and press 
return on the terminal connected 
to the other interface. 


2. Selecting the PC Memory 
Segment 
Since there are several segments 





SDPRAM Register Space 
PC Memory Space ‘180 I/O Space 
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Diagram 3 - SDPRAM register space mapping for regis- 
ters used by this application 


that the PC can use to map shared 
memory we have to find out which is being used. This is done a command line parameter when starting the NPU Client 
at the hardware level and at the software level. software on the PC. 


At the hardware level the DIP Switch SW3 must have All four possible mapping schemes are supported as long as 
positions 3 and 4 set to indicate the memory segment being both the hardware and software settings are correct. 
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Hardware Notes 


180 Applications Board 


The 64180 Applications Board (Aps Board) is a general 
purpose CPU board that can be used as the basis for systems 
designs using Hitachi or other manufacturer's peripheral 
devices. This document discusses the hardware features of 
this board, which are summarized below: 


- HD64180R or Z operating at 9.216MHz 
- SRAM (64K or 128K word byte-wide device) 
- EPROM (16Kbyte or larger device) 


- HD63310 Smart Dual Port RAM 


{ 


- PC bus interface with selectable address space 

- RS-232 level interface from 64180 ASCI port to DB -9 
- Memory decode logic for 5 additional memory spaces 
- I/O decode logic for 6 additional I/O spaces 


Logical Memory Map 

The 64180's Memory Management Unit (MMU) is used to 
access a larger than 64Kbyte memory space. The memory 
space has been defined assuming that the MMU’s logical 
space is assigned at reset, and not changed during the course 
of program operation. This logical space assignment is shown 
in Figure 1. Although some of the information to follow 
assumes that this logical space setup will be used, keep in 
mind that this setup is defined by software, and can be 
modified. 


Physical Memory Map 

The board's physical memory map is shown in Figure 2. The 
EPROM space is assigned to low memory, which allows it to 
be accessible as Common Area 0 at all times. The SDPRAM 
space is assigned to high memory, and is accessible through 
Common Area 1. 


The SRAM, although it consists of a contiguous block of 
memory, is accessed in two separate areas of the physical 
memory. See the section on RAM Memory Map for more 
information. 
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The board's memory decode logic supports chip selects for five 


other blocks of memory. These select lines can be tied directly 
to user add-on hardware. 


The SRAM and User Memory spaces are accessed through the 
MMU bank area. Portions of each section are accessed by 
programming the MMU's Bank Base Register (BBR) with the 
information that causes the desired area of memory to be 
addressed. 


The areas indicated by cross-hatching should not be used for 
User memory space, since the decode logic allows these 
spaces to be overlayed by Aps Board memory spaces. For 
instance, if a 27256-type EPROM is used (8000h bytes), the 


Figure 1 - Logical Memory Space 





device will be activated for addresses 0000h-7FFFh, 8000h- 
FFFFh, 10000h-17FFFh, etc., since the EPROM is chip se- 
lected for all physical addresses in the range 00000h-2FFFFh, 
and the device responds address lines A0-A14. | 
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Physical I/O Space 

The Aps Board I/O space is shown in Figure 3. The SDPRAM 
- control registers have been mapped into locations CO-FFh. 
HD64180R/Z on-chip I/O registers are mapped into locations 
-00-3Fh. | 


The locations identified as IO0, IO1, etc. are those that can be 
accessed using chip-select signals generated by I/O decode 


Monitor EPROM 


: Overlay area - do not use 
Figure 2 - System Memory Map 





Additional I/O Space 
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‘Figure 3 - System /O Map 





logic. The remaining I/O space is available for other system 
use. 


RAM Space 
The RAM space is divided into two areas, one accessible | 
through the bank area, and one accessible through Common 
Area 1. The bank area RAM would most likely be used for 
download of user code. The area accessed through Common 
1 serves two purposes - one area (FEBOOh-FEFFFh) is used by 
the monitor for scratchpad RAM, the remaining area (FEOOOh- 
FEAFFh) can be allocated by the user. 


If 64Kbytes of RAM are used, physical locations 2EQ00h- 
2EFFFh are accessed through Common 1 for scratchpad and 
high user RAM. | 


Using the MMU set-up described earlier, physical RAM 
locations 3FO0O0h-3FFFFh cannot be accessed by the proces- 
sor, since this area overlays the logical memory space allo- 
cated to the SDPRAM. All other RAM areas can be accessed 
by loading the MMU Bank Base Register (BBR) with the 
appropriate address. For instance, to access physical loca- 
tions 20000h-2AFFFh through the logical Bank Area located 
from 3000H-DFFFh, program the BBR with 1Dh. 


SDPRAM Use 
The HD63310 is a 1Kbyte Smart Dual Port RAM (SDPRAM) 
device which is used by the Aps Board for communication 
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PHYSICAL 


SFFFFh 
3E000h-3EFFFh 
| SBP 


Figure 4 - SRAM Memory Map 


with the host processor of aPC. The RAM is divided into two 
sections, one for transmissions of data from the Aps Board, 
and one for reception of data to the Aps Board. The first four 
bytes of both area are reserved for two 16-bit addresses. One 
address is a pointer to the next free location in the buffer, the 
other is a pointer to the next byte to be read from the buffer. 
These pointers are accessed and updated under program 
control by both the 64180 and the PC host CPU. 


~ Control of access to each buffer is handled by a semaphore. 
Two bits of the 63310's Acquire Ownership register (AQR) 
are each assigned to one half of the DPRAM. The control 
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programs obtain the semaphore before accessing the associ- 
ated portion of DPRAM by writing a"1" to the appropriate bit 
of the AQR, and reading back until a'"1" is read from that bit. 
When the access is complete, the program writes a one to the 
same bit position of the Release/Available Register (REL), 
which frees the semaphore. 


Due to pin limitation, only 9 address lines (for 512Kbytes) are 
available to access the DPRAM in the non-multiplexed bus 
mode used. In order to indicate which half of the DPRAM 
these 9 address lines access, it is necessary to set bits in the 


63310's Command Register. 
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NPU Transmit 


FEO2n-FEOGh FFEQ2h-FFECSN 
FEOOn-FEOth FFEOOh-FFECIN 


FDFFh 


FFOFFh 


PC Transmit/ 
NPU Receive 


FOO2h-FCO3h 


FFO02h-FFCO3h 


FO00r-FCOth FFOOOH-FFOOth 





Figure 5 - Shared Memory (SDPRAM) Map 


_ Memory Access Speed 

The aps board has been designed to operate with minimum 1 
wait state for all memory accesses. The SDPRAM is able to 
add wait states to bus cycles in the case of access contention. 
The SDPRAM's READY signal is used to generate an input 
to the WAIT line of the '180 and the PC bus to extend bus 
cycles as necessary. 


The limiting factor on wait states is during access to the 
SDPRAM. In order cause the WAIT input on the '180 to add 
wait states to acycle, the WAIT line must be pulled low in time 
to meet the setup required in T2, As the memory decode logic 
is currently designed with memory chip selects being deter- 
mined based on the ME signal, it is impossible to pull the 
WAIT line low in time to increase the length of bus cycles 
when the SDPRAM is being accessed. 
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Using the NPU in AppleTalk Applications 


OBJECTIVE 
Hitachi’s HD64180S NPU (Network Processing Unit) fea- 
tures an on-chip Multi-Protocol Serial Interface channel 
(MSCI) which handles asynchronous, byte-synchronous, and 
bit-synchronous protocols. This Application Note discusses 
the NPU’s MSCland its capability to support the requirements 
of transmitting and receiving data under AppleTalk’s Local- 
Talk Link Access Protocol (LLAP). 


_AppleTalk’s LLAP corresponds to the 
data-link layer of the ISO-OSI model. 
The physical data link used by LLAP is a 
shared link common to all nodes in the 
network. LLAP’s main responsibilities 
are to: 


- perform data transmission and recep- 
tion 

- provide link access control 

- provide a way to address nodes 


This application note addresses the ~ 
NPU’s hardware capabilities which 
handle the first two items. Address deter- 

_ mination for nodes on the link is handled 
by high level language software routines, 
which are described in detail in Inside 
AppleTalk, available from Addison 
Wesley. 


SCOPE 

The NPU’s features that aid in the im- 
plementation of AppleTalk’s LLAP will 
be discussed here, along with details on 
how to use these features. Programs 
enabling the NPU tocontrol these features and enact the LLAP 
protocol are also discussed. Program examples for receiving 
and transmitting frames using the LLAP protocol are given in 
the appendices. 


_ This Application Note is based on routines that were written 
using the LLAP procedural model given in Inside AppleTalk. 
These routines were written in C and assembly language, and 
were tested by executing them on an NPU development board 
connected to an Apple Macintosh using the LocalTalk Con- 
nector Cable. LLAP Peek and Poke routines, available from 
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Apple Developers Association, were run on the Macintosh to 
allow the Mac to send and receive individual LLAP frame 
dialogs. 


- A brief description of LLAP is given in Appendix A. For more 


information on AppleTalk or LLAP, please refer to Inside 
AppleTalk. 


LLAP Preamble 
(2 or more flag bytes) 


Destination Node ID 
Source Node ID 


LLAP Frame 


Data Field 
(0 to 600 bytes) 


Frame Check 
Sequence 


Abort Sequence 


Figure 1 - LLAP Frame 


A brief description of the NPU features as they relate to this 
application is given in Appendix B. For detailed information 
on the NPU, please refer to the HD64180S NPU Hardware 
Manual.” 





NPU IMPLEMENTATION OF LLAP 
The LLAP protocol requires that transmitted data be packed 
into frames, which are then unpacked by the receiver. The 
NPU’s hardware has the capability of handling much of this 
packing and unpacking without additional software overhead. 
See Figure 1 for the LLAP frame format. 
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The LLAP protocol defines application programs that take 
care of acquiring the bus prior to transmit, transmitting frames, 
and receiving and processing frame data. The NPU’s CPU 
core can execute these programs with the heip of the on-chip 
MSCTI, timers, and DMAC. 


The NPU’s MSCI contains a rich set of features that can be 
enabled and manipulated by programming bits in a set of 
control registers associated with this channel. These features 
are described below as they relate to NPU LLAP operation. 


Bit Synchronous Operations 
The MSCI channel can be programmed to operate in a bit- 
synchronous mode which supports HDLC-type frame trans- 
missions. The features of this mode (optional Flag pattern 
output on idle, optional address checking on receive, CRC 
generation/checking support) directly support the require- 
ments for LLAP frame communications. 


FMO0 encoding a 
The MSCI can be programmed to transmit and receive data 
with FMO type coding (see Figure 2). Other encoding options 
are NRZ, NRZI, Manchester, and FM1 types. 


0/1/0/1/1;1;0/0 


start of bit cell 


0: Level changes at 
start and center of bit cell 





Figure 2 - FM0 encoding 


To specify the encoding type desired, the user would program 
the NRZFM, CODE1, and CODEO bits of MSCI Mode Reg- 
ister 2 (MMD2). | | 


Idle/Flag Pattern 

Whenever the MSCI transmitter is enabled but no data is 
available for transfer, it is said to be in the Idle mode. The 
MSCI supports the output of Flag bytes during idle transmis- 
sion times if the Idle State Control (IDLC) bit of the MCTL is 
programmed to “1” (causing an idle pattern to be transmitted 
during idle states), and the idle pattern is written to the MSCI 
Idle Pattern (MIDL) register. For LLAP and many other bit- 
synchronous protocols, this pattern is defined to be 7Eh. 


Error Checking 

The MSCT has built in CRC generation and checking capabili- 
ties which directly supports the CRC-CCITT algorithm speci- 
fied by LLAP. In orderto enable CRC controller operation, the 


1: Level changes at 


~ CCITT, and CRCO (bit 0) should be set to0 to indicate an initial 


value of all 0’s. 


Address Checking for Received Frames 

Once the MSCI receiver has detected a Flag pattern, it is 
prepared toreceive the LLAP frame that follows. The address- 
ing scheme used by LLAP defines that the first non-flag byte 


received is a destination address byte, which indicates which 


node the data is intended. The NPU’s Address Field Check 
capabilities can be used to eliminate the need to check the 
address of each incoming frame under program control. To 
cause address checking to occur, MMD1 should be pro- 
grammed with 40h to cause Single-byte addresses to be 
checked. MSAO should be programmed with the node’s own 
address, as determined by the LLAP node initialization proce- 
dure. This will cause the MSCI to compare the first byte 
(destination address byte) of all incoming frames with the 
contents of MSAO (node’s own address) to determine if it 
should continue to receive the frame data. 


If the address bytes match, the frame data will continue to be 

received into the MSCI receive buffer to be placed in memory 

under DMA or program control. If not, the MSCI will re-enter 
the Flag wait state. 


The NPU recognizes destination bytes of FFh to indi- 
cate broadcast frames, and accepts the data of any 
frame with this destination byte. 


ADPLL: Generation of Transmit and Receive 
Clocks 

Since LLAP uses FMO data encoded with clock infor- 
mation, the receiver node must extract the clocking informa- 
tion from the incoming data in order to read this data. The 
NPU’s Advanced Digital Phase Locked Loop circuit 
(ADPLL) handles this task. 


Receive Clock Extraction 

To use the ADPLL clock extraction function, an operating 
clock with frequency 8, 16 or32 times the bit rate must be used. 
This operating clock can be generated by the baud rate genera- 
tor, or can be input via the RXCM input line from and external 
clock. 


The ADPLL operating clock’s bit rate is specified in MMD2. 
MMD2 would be programmed as follows: 


MMD2: COh (1100 0000) 


‘to select FMO encoding, 8x ADPLL operating clock, and full 
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If the NPU system clock frequency is a multiple of the 230.4 
Kbit per second bit rate, then the baud rate generator can be 
used to provide the ADPLL operating clock. Note, however, 
if the BRG is used to generate the transmit clock, it cannot be 
used for the ADPLL operating clock. 


If the BRG is being used for the transmit clock, or if the NPU 
system clock frequency is not amultiple of 230.4 KHz, then an 
external clock such as a TTL clock oscillator must be used. 


To specify that an external clock input on the MRXC pin 
provides the ADPLL operating clock, program: 


MRXS: 70h (0111 0000) . 


To specify that the BRG generates the ADPLL operating 
clock, with NPU operating clock of 9.216 MHz, program: 


MRXS: 60h (0110 0000) 
MTMC: 05h (0000 0101) 


This would cause the BRG to generate a clock with frequency 
of 9.216/5 = 1.8432MHz (which is equal to 230.4KHz * 8). 


Once the ADPLL has been initialized to handle clock extrac- 
tion, it must be enabled to search for data from which to extract 
the clock. This search state is entered by writing the Enter 
Search Mode command into the MSCI command register. The 
state of the ADPLL can be determined by reading the Search 
Mode (SRCH) bit of MST3. If this bit is set, the ADPLL has 
not detected any data on the line. If the bit is cleared, a 
transition on the receive data line has been detected. The Flag 
Detection (FLGD) bit of MST1 is set to 1 when a Flag pattern 
has been detected on the receive line, which indicates another 
node is preparing to transmit a frame of data. 


_ Clocking Transmit Data 

The NPU’s on-chip baud rate generator can be used to generate 
the transmit data clock if the NPU system clock is a multiple 
of LLAP’s 230.4 KBps transfer frequency. If a 9.216 MHz 
system clock is used (crystal frequency of 18.432 MHz), the 
NPU’s BRG could be programmed as follows: 


MTXS: 40h (0100 0000) 
MTMC: 28h (0010 1000) 


which would result in a baud clock of (9.216/28h)/1 or 
230.4KHz. 


However, if a L1OMHz system clock is used, which is not a 
‘multiple of 230.4 KHz, an external clock operating at a 
frequency of 230.4 KHz must be placed in the system. In this 


HITACHI 


case, the MSCI should be programmed: 
MTXS: 00h 


to indicate that a clock attached to the TXCM input pin should 
be used to provide the transmit clock. The MTMC does not 
need to be programmed, since the baud rate generator is not 
being used. 


Once a transmit clock has been specified, the task of encoding 
the clock into FMO-type data can be taken care of by the MSCT. 
To cause this to occur, program the following: 


MMD2: 110x xxxx 


with the x-bits defined for the desired ADPLL and Channel 
Connection operation. 


Bit stuffing/zero insertion 

A LLAP receiver detects the end of a frame whenever a bit 
sequence matching a flag byte is received (a “‘0” bit, followed 
by 6“1”’ bits). To prevent valid frame data from being detected 
as a flag sequence, the MSCI hardware will automatically 
insert a “OQ” bit whenever 5 “1” bits have been transferred in 
sequence in the data stream. This capability is referred to as 
zero-insertion or bit stuffing. The MSCI receiver hardware 
performs the reverse of this function, stripping out any “O” bit 
that follows a sequence of 5 “1” bits. 


MSCI/DMaA operation in bit-synchronous mode | 


- To minimize the load on the processor, the MSCI and DMAC 


can operate with data read by the receiver being stored to 
memory under DMA control without processor intervention. 
When the MSCI determines that an incoming frame is ad- 
dressed to itself, the data is placed in the MTRB, which triggers 
the DMAC to cause this data to be transferred to memory. The 
CPU is notified when a full frame of data has been received by 
enabling an interrupt when the End of Message (EOM) condi- 
tion in the DMAC’s DSRObecomes true (by setting the EOME 
bit to “1” in DIRO). 


MSCI Initialization Summary 

The following summarizes the non-ADPLL MSCI registers 
that must be initialized to allow the NPU to transmit and 
receive frames under LLAP protocol: 


- MSAO: program with own node address 
- MIDL: program with $7F (idle pattern) 
- MMD0: program with $86 for 
Bit-sync, HDLC mode 
CRC Calculation Enable 
CRC-CCITT calculation, initial values Os 
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- MMD1: program with $40 for 
Single address, 1 byte long 

- MMD2: program with $CO for 
FMO-type encoding 

- MCTL: program with $31 for 
TXRDY true when transmit buffer empty 
transmits FCS and flag on Underrun 
transmits flag during idle 

- MCMD: programmed with commands as required: 

| TX enable to enable transmissions 

RX enable to enable reception 


The ADPLL registers should be initialized as described above. 


This initialization prepares the MSCI to transmit and receive 
LLAP frames. Trans- 
mission and recep- 
tion are handled by 
application programs 
executed by the 


method is by detecting that the link is not inactive, referred to 
as a Carrier Sense condition. The second method is by 
detecting a Missing Clock condition. Prior to sending an RTS 
frame, LLAP nodes transmit a synchonization pulse which is 
defined as a transition on the link followed by an idle period 
greater than 2-bit times. This transition is detected by all 
receivers as a clock, but when the idle period is occurs, 
receivers conclude that they have lost the clock, or detected a 
missing clock. This missing clock detection is a fast way of 
determining that a sender is using the shared link. 


Carrier Sense 

This condition corresponds to the Flag Detect (FLGD) status 
bit of the MSCI Status Register 1 (MST1). This bit is set wher 
a flag pattern has been detected on the link and synchronization 


NPU’s CPU which 
control MSCI opera- 
tion. These programs 


74LS123 
Cext 


Rext/Cext 


_ may take advantage 
of the NPU’s DMA 
controller, which can 
be initialized to trans- 
fer frame data be- 
tween the MSCI and 
memory without the 
need for CPU inter- 
vention. 


NPU RXDM 


NPU /RTSM 


~ ACCESSING THE SHARED LINK 

The LLAP physical media consists of twisted-pair cable that 
carries both transmit and receive data between nodes. Since 
transmit and receive data from each node share the same trans- 
mission media, a node’s transmitter must be disabled when- 
ever the node is receiving data or listening for data on the bus. 
On the NPU Development Board, the RS-422 device that 
drives the LLAP link must be disabled along with the MSCI 
transmitter whenever the node is not sending data to the link. 


Since LLAP is a shared-link protocol, any node on the link 
must not transmit data unless it has made an attempt to 
- determine that no other nodes are transmitting. Atall times that 
a node is not transmitting, it must be listening (receiver 
enabled). This would allow the node to determine that the link 
is free, or to determine if there is data to be received. 


Checking the link for other transmitters 
LLAP uses two methods to determine if the link is free. One 
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Missing Clock Signal 
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Figure 3 - Missing Clock Detect Circuit 


with an external transmitter has been established. It is cleared 
when the receiver is reset after a frame has been received. 


Missing Clock Generation | 

A missing clock can be generated by enabling then disabling 
the transmit hardware line driver. A software timing loop 
ensures that one bit time passes between enable and disable. 
Receivers on the link detect this signal as an attempt to transmit 
by another node. | 3 


Missing Clock Detection 

The detection of the Missing Clock signal is not supported by 
the NPU hardware. However, it can be supported using a 
simple external circuit. Anexample circuit based ona one-shot © 
causes an indication to the MSCI that a missing clock has 
occurred. This signal is input on the RTS line of the MSCI (the 
modem control lines are not used by LLAP). Resetting the 
missing clock indication is done using the CTS line of the 
MSCI. This circuit is shown in Figure 3. 
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RECEIVING LLAP FRAMES 

The LLAP protocol defines that all nodes are listeners (re- 
ceiver circuitry of these nodes is enabled) except when a node 
has data to transmit and has determined that the link is free. To 
accomplish this, the MSCI receiver is enabled at initialization, 
and is only disabled when the node is transmitting data. 


Following the reception of a frame, the receiver must be 
prepared to receive subsequent frames. AnRx Reset command 
should be issued to the MSCI CMD register to clear the receive 
buffer and status register values. The Enter Search Mode 
command should also be issued to cause the ADPLL to search 
for the next frame of data. 


Once properly initialized, the MSCI can receive broadcast 
frames and frames whose addresses match the MSAO value. If 
the frame is accepted, all bytes of data following the Destina- 


tion Address byte are received and placed into the receive FIFO | 


to be read from the MTRB (refer to LLAP frame information 
in Appendix A). An NPU program should be written to read 
these bytes from the MTRB (either directly or under DMA con- 
trol), and process the frame data. 


If DMA control is used to receive data, processing does not 
need to being until the entire frame has been received. This End 
Of fraMe (EOM) condition can be determined either by using 
the EOM status of the DMAC (bit 6 of the DSR) to cause an 
interrupt, or by CPU polling. 


Search Mode 
The receiver detects the start of the frame when a Flag byte is 
detected. Subsequent Flag bytes are ignored. 


Address Checking 

The first non-Flag byte received is taken to be the Destination 
Address byte. If this byte contains $FF, this frame is accepted 
by the NPU hardware as a broadcast frame. Otherwise, if this 
byte matches the value programmed in the MSAO register, then 
this frame is accepted as a frame addressed to the node. In all 
other cases, the receiver returns to searching for a Flag byte. 


DETECTING ERRORS IN RECEIVED FRAMES 
LLAP specifies a number of error conditions that should be 


detected and acted upon in the course of receiving frames of 


data. These conditions include overrun, bad frame CRC, bad 
frame type and bad frame size (data greater than 600 bytes). 


CRC checking 
The MSCI receiver determines that the end of a frame has been 
received when a flag byte is detected in the receive data stream. 
When this occurs, the hardware CRC calculation is automati- 
cally compared with the CRC information received in the 


frame. If the values do not match, an error is detected. Error 
information is reflected in the CRCE bit of MST2 when the 
byte preceeding the CRC information (the last data byte of the 
frame) is read from the MTRB. LLAP routines poll for this 
error condition following the receipt of a frame. 


Overrun 

An overrun error can be automatically detected by the hard- 
ware. Detection of this error can occur by polling the OVRNF 
bit of the MSCI Frame Status Register (MFST). This register 
stores the status of the last frame received in the bit-synchro- 
nous mode, and is reset by when the receiver is reset following 
the receipt of a frame. 


Bad frame size 

LLAP defines that frames should contain 0 to 600 bytes of data. 
Frames larger than 600 bytes should cause a bad frame size 
error. The NPU can detect this condition in software by 
counting the number of bytes in a received frame. 


Bad frame type 

LLAP defines frame type field values of $00 to $80 to signify 
data frames, type $FF for broadcast frames, and types $81, $82, 
$84, and $85 for ENQ, ACK, RTS, and CTS frames, respec- 
tively. Any other value in the frame type field should generate 
an error. The NPU routine that handles receiving of data 
frames reads this type field, and returns an error indication if 
anon-valid value is found. 


TRANSMITTING FRAMES 

Generating LLAP Frames For Transmission 

In order to transmit frames under LLAP protocol, the NPU 
must be initialized to place the information of the LLAP packet 
into the MTRB under program or DMA control. Once this 
preparation is done, the NPU’s transmitter should be enabled. 


Flag Preamble 
LLAP defines that at least two Flag bytes preceed the destina- 
tion address byte when a frame is transmitted on the link. 


Once the MSCI transmitter is enabled, the MSCI will transmit 
the idle pattern ($7E, as programmed in the MIDL register) 
until transmit data is written to inthe MTRB. The NPU timers 
or a timeout loop can be used to wait two byte times (69.4 
uSeconds at 230.4Kbps) prior to placing data in the transmit 
buffer. This causes two Flag bytes to be output prior to the first 
byte of the LLAP packet. 


Frame data transfer 

Once this wait time has elapsed, the NPU should continue to 
place LLAP packet information bytes in the MTRB. Prior to 
sending the last data byte of the frame, an End-of-message 
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command should be issued to the MCMD. This informs the - 


MSCI that the next byte transferred to the MTRB is the last 
character of the frame. Under Chained-block transfer DMA 
operation, EOM information is automatically passed to the 
MSCI by the DMAC. 


CRC - generation 

LLAP defines that an error checking byte be appended to 
transmitted frames to allow receivers to determine if data 
_ packets were correctly received. The EOM indicates the last 
byte of the frame being transmitted. Following this byte, the 
two generated CRC bytes are transmitted. 


Flag Trailer 
Following the transmission of the Frame Check Sequence 
(FCS), a flag byte is automatically transmitted. 


Abort Trailer 

LLAP protocol expects the Flag byte in the frame trailer to be 
followed by an abort sequence consisting of 12 to 18 one-bits. 

Once the transmission of a frame (including CRC bytes and 
trailing flag) has been completed, the NPU should disable the 
MSCI transmitter. The transmit drivers should be left enabled 
for approximately two byte-times to cause the abort sequence 
of 12 to 18 “1”’s to be output to the link. After this time, the 


transmit drivers should be disabled, which frees up the bus. | 


Inter-Frame and Inter-Dialog Gap Timing | 

_ The RTSframe - CTSframe - Dataframe interchange between 
two nodes on the network is referred to by LLAP as a dialog. 
LLAP defines that the maximum time lapse or gap between 
these frames must be less than 200 microseconds (uS). If 
greater than 200 uS elapses between frames, it is assumed that 
a collision occurred, and the transmitter defers and attempts to 
reinitiate the dialog at a later time. 


The gap between dialogs on the link is defined to be at least 400 
uS. Ifa transmitter detects that the line is idle for greater than 
this amount of time, it can assume that no dialog is occurring 
on the link. The node will wait some additional delay time, and 
if the link remians inactive, it can transmit a RTSframe in an 
attempt to take over the link for a dialog. 


These gap times can be determined by the on-chip timers. 
With an operating clock of 9.216 MHz, elapsed times of 200 
and 400 uS can be counted out using the timer base clock of 
9.216 / 8, or 1.152 MHz, divided by 8 (resulting in a count 
frequency of 144 KHz). 200 uS would elapse after a count of 
29, and 400 uS would elapse after a count of 58. 


_ A transmitter waiting to access the link would perform the 
following steps: 


1. Initialize the TCONR for the minimum IDG time plus some 
additional time, as determined by the LLAP algorithm 

2. Initialize the TCNT to 0 and enable count 

3. Poll the CMF bit of the TCSR, and poll the link 

4. If activity is found on the link, wait for the link to become 
idle and go back to Step 1. 


If count match occurs and no activity on the link is detected, 
disable count and continue preparations for transmitting a 
frame. 


A transmitter waiting for a response to an RTSframe would 
perform the following steps: 


1. Initialize the TCONR for the maximum IFG time 

2. Initialize the TCNT to 0 and enable counting 

3. Poll the CMF bit of the TCSR, and poll the link 

4. If activity is found on the link, receive it and determine if it 
is the CTSframe and proceed 


If count match occurs, disable count and assume a collision 
occurred 


PROGRAMMING AND TESTING LLAP ROUTINES 
Description of Routines and Testing 

Inside AppleTalk contains a procedural model of LLAP writ- 
ten in pseudo-code. In order to demonstrate the NPU’s ability 
to control a LLAP node, some of these routines were coded in 
C and assembler for the NPU, and executed using an develop- 
ment board designed around the NPU processor. 


Hardware 

The NPU Development Board is a Hitachi product which 
allows users to evaluate NPU software in a native environ- 
ment. There is a small amount of prototype area on the board 
which allows users to also evaluate hardware interfaces to the 
NPU. The missing clock circuit mentioned above was built in 
this prototype area. 


The board consists of an NPU, an optional ROM debug 
monitor, RAM and ROM space for code development, an off- 
chip UART for performing communications without using the 
on-chip channels, and driver and receiver circuitry to interface 
the serial channels to connectors going off-board. 


RS-422 drivers/receivers 

The MSCI port of the NPU can be interfaced using RS-232 or 
RS-422/485 signals. An on-board hardware switch selects 
which interface is active. Since LLAP requires RS-422 type 
communications, this feature 1s selected. The RS-422 transmit 
driver is controllable by writing to a hardware register in the 
board’s I/O space. By writing to this register, an application 


Section HITACHI 


254 2 


Hitachi America, Ltd. * San Francisco Center ¢ 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 * (415) 589-8300 — 











Application Note 


HD641808 





can turn on this driver to output information to the link, and can 
turn off the driver when the node is finished transmitting on the 
link. Since LLAP defines a shared link, only one transmitter 
can be active on the link at any time. 


AppleTalk Cabling 
The RS-422 signals that drive transmit data from and send 
receive data to the MSCI are carried off-board by a multi-pin 


header. These pins must be connected to an AppleTalk Local- — 


Talk Connector kit. A simple way to do this is to build a cable 
from the pin header to a DB-9 type 


tion. These routines use memory buffers to hold data to be 
transmitted and data that is received. These buffers are 
identified to the DMAC in achain of descriptors (one descrip- 
tor for each buffer), which each consist of 10 bytes of informa- 
tion. This information includes a pointer to the memory buffer, 
the size of the buffer, status of the buffer, and a pointer to the 
next descriptor. 


Transmitting frames under DMA control 
In order to transmit a packet of data over the link, packet data 


female connector. This DB-9 can 
directly interface to the 9-pin plug of 
a LocalTalk connector kit. See Fig- 
ure 4 for the pin-out for this cable. 


NPU Board 
Header 
J485 — 
Pin 


LocalTalk 
DB-9 
Connector 
Pin 


Software/development tools 

The software for this Application 
Note was generated using 264180 C 
Compiler and Cross Assembler. 
Generated code was executed using 
the Hitachi 64180 ASE emulator in- 
terfaced to the NPU Development 
Board as a target system. The code 
examples were executed out of zero 
wait state ASE emulation memory. 


Code execution speed require- 

ments 

Atthe start, all routines for implementing LLAP using the NPU 
were written in C. After some testing, however, it was 
determined that the C code generated was too slow to meet the 
_ requirement of IFG time of 200 uS. This IFG time must be met 
between the time a node finishes sending an RTS frame, and 
the time the addressed node begins sending an answering CTS 
frame. Because of this time requirement, the routine which 
handles receiving frames is modified from the specifications 
shown in Inside AppleTalk. In addition, portions of this 
routine were written in assembler to speed up execution. 


These modifications removed some of the levels of subrou- 
tines by eliminating some of the code modularity. Instead of 
calling many subroutines that have specific functions, these 
functions were incorporated in “straight-line” code. This 
eliminated the time-consuming subroutine entry/exit code 
generated by the C compiler. Also, by accessing hardware 
registers using in-line assembly code rather than relying on C 
language subroutines, more execution time was cut. 


DMA usage | 
The example routines used to implement the AppleTalk LLAP 
use the NPU’s Chained Block Transfer mode of DMA opera- 


+ pin RXDM receiver 


+ pin TXDM driver 


- pin RXDM receiver 


- pin TXDM driver 





Figure 4 - LocalTalk Connections 


must be placed in a LLAP frame. This frame must also be 
preceeded by a LLAP RTS frame in a dialog in order to 
establish the proper transmission protocol. 


Tocause this sequence to occur under DMA control, the buffer 
pointed to by the first transmit descriptor should hold the RTS 
frame information. The next descriptor in the chain should 
point to the buffer which contains the data to be transmitted. 
The application program which fills this buffer should provide 
the appropriate LLAP header information (destination ID, 
source ID and LLAP type bytes), followed by the data length 
(2 bytes) and the data to be transmitted (up to 600 bytes). The 
MSC] will automatically transmit Flags prior to the frame, and 
the Frame check sequence following the frame. 


DMAC Channel 1 (which is internally connected to the MSCI 
transmitter) should be initialized for chained block transfer 
mode, single frame. This will cause a single frame to be 
transmitted each time the DMA channel is enabled. Once the 
DMAC channel and the descriptor chain have been initialized, 
the LLAP handling program would enable DMA channel 1, 
which causes the RTS frame to be sent. The LLAP program 
then polls for receipt of a CTS frame. If one is received, the 
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DMAC is reenabled to transmit the data frame. If the CTS 
frame is not received within the inter-frame gap time, a 
collision is assumed to have occurred, and the program pre- 
pares to resend the RTS frame and the data frame after a time 
interval determined by the LLAP algorithm. 


Receiving frames under DMA control 

For receiving data from the link, a chain of descriptors pointing 
to a set of buffers in memory would be initialized at system 
start-up. These buffers would be arranged in a circular fashion 
to allow them to be reused as receive data is read out of. them 
by the application program. 


Inthe case of receiving data, the DMAC channel 0 is initialized 
to operate in chained-block mode, with multi-frame operation. 
Once initialized in this manner, DMA channel 0 (which is 
internally connected to the MSCI receiver) is always prepared 
to receive data frames. 


Thenumber and size of receive data buffers are parameters that 
must be chosen carefully. If too few buffers are specified, it is 
possible that an overrun condition can occur with respect to the 
DMA receive buffers, and received data would be lost. If too 
many buffers are specified, system memory may need to be 
larger than is really required. 


DMA buffer sizing 

The size of buffers is also important for efficient operation. 
Unlike with transmission, where buffer sizes can be specified 
according the size of frame to be transmitted, receive frame 
sizes are only known once the frame has been received. If the 


buffers are allocated equal to the largest possible frame, some | 


space will usually be wasted. If buffers are too small, then 
more time than necessary will be taken up by buffer switching, 
where the DMAC must go out and read the next buffer 
descriptor to find out where to place incoming data. 


If memory space is not a problem, receive buffers can be 
specified to be as long as the longest possible frame. For 
LLAP, this would be 605 bytes. In this case, buffer switching 
would never have to occur in the middle of a received frame. 


Ifa more efficient memory scheme is required, then set up the 
receive buffers to be the size of the average frame. Then frames 
less than half the size of the maximum would not waste as much 
space. However, frames longer than this would requirea buffer 
switch partway through the frame to continue storing the data 
to a new frame. 


-End of frame conditions 
Through use of the status byte of the descriptor, the DMAC 
keeps track of whether the buffer pointed to by the descriptor 


contains the end of a frame. For transmissions, the LLAP 
program should write the descriptor with a status byte indicat- 
ing whether the buffer associated with the descriptor contains 
the end of frame. For receptions, the MSCI indicates to the 
DMAC if the end of frame has been received (indicated by the 
receipt of a Flag byte), and the DMAC then writes this 
information to the descriptor associated with the receive buffer 
that contains the end of the frame. 


Initializing the DMAC 

To initialize the DMA controller to be used in chained-block 
transfer mode with the MSCI for LLAP, the following registers 
should be written with the given values: 


CPB (SARB): $00 
locates Chain Pointer Base with 0000 as the four 
high order bits of the 20-bit address 


CDALO: $00 CDALI: $00 

CDAHO0: $04 CDAHI1: $03 

locates Chain Pointer at $400 for transmit and 
$300 for receive initially, which are the 
addresses of the first descriptors in each chain 


EDALO: $40 EDAL1: $70 | 
EDAHO0: $40 EDAHI: $30 
identifies the end of the Chain of descriptors 


DMRAI: $98 (1001 1000) for transmit 
DMRAO: $96 (1001 0110) for receive 
DIRO: $40 (01000000) for receive 


DIR1: $00 for transmit 
Causes interrupt to occur when end of frame 
received 

PCR: $00 


Channel 0 (receive) has priority over channel 1 


To complete initialization of the DMAC, the descriptors in the 
descriptor chain must be initialized with chain pointer and 


buffer pointer addresses. For transmit descriptors, buffer size 


and status should also be written to the descriptors. For 
receive, status and size will be written by the DMAC once the 
buffer data has been received. 


For receiving data through the MSCI, the DMAC only needs 
to be initialized once. Since channel 0 is initialized for multi- 
frame mode operation, DMA transmission over this channel 
never terminates. Transmission is only active, however, when 
the MSCI receiver receives data inputs. 


For transmitting data through the MSCI, the DMACiis initial- 
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ized and enabled prior to the first frame transfer. Since channel 
1 is initialized for single-frame mode operation, DMAC trans- 
fer terminates when the end of a frame has been transferred. 
DMA channel 0 must be reenabled for each frame transfer by 
placing the frame data in the buffer pointed to by the current 
descriptor, and writing $72 (to clear any flags and to enable 
DMA) to DSRO. 


Hardware interface routines 

Inside AppleTalk provides LLAP Access Control Algorithms 
in Appendix B, which defines a specification for AppleTalk 
LLAPimplementations. Within these specifications are refer- 
ences to hardware-specific routines that must be available to 
LLAP procedures. 


These hardware interfaces are declared as functions and proce- 
dures that interact with the hardware, in most cases by reading 
or writing a status bit or pattern into a hardware register. These 
declarations, and the NPU MSCI features used to implement 
the associated functions and procedures are listed in Table 1. 


Transmit and Receive Routines 

Routines written to transmit and receive frame data deviate 
from the proecedural model in that they use the NPU's chained- 
block transfer DMA capabilities. Instead of transmitting and 
receiving bytes under program control, the DMAC sends or 
receives a frame at a time without processor intervention. 
Other deviations from the model are in the area of handling 
timing delays (software timing loops or the on-chip timers are 
used to cause timing delays instead of a system RealTimer 
function). 


Bit and Byte Timing 
Since bit and byte times are relatively short compared to the 


resolution of the on-chip timers, timing of these shorter inter- 


vals can be handled using software delays. 


For instance, to generate the 1-bit time period that the transm it 
driver should be enabled to generate part of the Missing Clock 
signal, the following code section can be used: 


: enable transmit for 1 byte time (flag) 

LD A,4 ;counter for loop 

LD B,TXDen | 

OUTO (NPUreg),B enable transmit drive 

LD ___‘_B,TXen : 

OUTO (MCMD),B ;enable transmit 
TLOOP3: 

SUB 1 ; 6 states 


JR NZ, TLOOP3 ; 6/8 states 
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This loop consists of ((3*12) + (1*14)) = 50 clock states. At 
10 MHz, executing this loop would result in a 5 uSec delay, 
which is approximately the one bit time (4.34 uS at 
230.4KBps) required. 


Testing LLAP routines 

Once the LLAP routines were written, they were tested for 
their ability to transmit and receive data over the LocalTalk 
Link by connecting the NPU board to a MacIntosh using a 
LocalTalk Connector kit. Routines provided by Apple Devel- 
opers Association allow the Mac to scan the link for frames 
being transmitted, and to send data frames prefaced by an RTS 
frame. Using these routines, and those written for the NPU, 
frames of data can be exchanged between the Mac and the NPU 
Demonstration Board. 


Summary 

The Hitachi HD64180S Network Processing Unit's features set 
is usefule in implementing AppleTalk’s LocalTalk Link 
Access Protocol. The device’s Multi-protocol Serial Commu- 
nications Interface operating in bit-synchronous mode auto- 
matically performs much of the frame handling required to im- 
plement this protocol. The on-chip DMA controller assists in 
transferring frame data between the MSCI and memory with- 
out need for direct program control. 


A procedural model for the software required to implement 
LLAP control programs are available in Inside AppleTalk. 
This procedural model is easily converted to C language, and 
compiled to NPU object code using cross-software tools. 


Once programs are converted to C, they can be carefully 
examined for areas where timing Constraints may cause prob- 
lems, such as in the area of meeting inter-frame gap times 
during LLAP dialogs. These areas can be examined for 
execution speed, and can be recoded as straight-line code or in 
assembly code if necessary. 
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NPU Implementation of LLAP Hardware Requirements 


CarrierSense 
RevDataAvail 
rxDATA 

| EndOfFrame 


|CRCok 


OverRun 


MissingClock 
setAddress 
enableTxDrivers 


enableRxDrivers 


enableTx 
disableTx 


txFLAG 


txDATA 


txFCS 
txONEs 


. resetRX 
enableRX 
disableRx 


resetMissingClock 
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indicates that the hardware is sensing a frame on the link; FLGD (bit 4).of MST1 | 
indicates that a data byte is available: RXRDY (bit 0) of MSTO 

identifies the next data byte available (MTRB register) 

indicates that a valid closing flag has been detected; EOM (bit 7) of MST2 


indicates that the received frame’s FCS is correct (when EndOfFrame is true); complement 
of CRCE (bit 2) of MST2 


indicates that the code did not keep up with data reception; OVRN (bit 3) of MST2 


indicates that the hardware has detected a missing transition on the link; /CTS (bit 3) of 
MST3 (due to user added circuit) 


sets the hardware to receive frames whose destination address matches MyAddress; 
ADDRS1, ADDRS0O (bits 7,6) of MMD1 


control the operation of the RS-422 drivers; RTS (bit 0) of MCTL 

control the operation of the data transmitter 

by means of issuing commands to the command register ' 

causes the automatic transmission of a flag at frame opening when Tx Enable is set; 
however, code must delay long enough to cause the extra flag; the trailing flag is generated 
automatically at frame end as part of the Tx Underrun processing (relys on the NPU’s 
transmission of flag pattern during idle state operation, IDLC bit 4 of MCTL) 


causes transmission of a data byte (MTRB register) 


causes the automatic transmission of the FCS by letting Tx Underrun occur; UDRNC (bit 
5) of MCTL set to 1 causes FCS and flag transmission following underrun 


causes 12-18 one-bits (1’s) to be sent by disabling the NPU transmitter while leaving the 
RS-422 drivers on and delaying 


control the receiver by means of the Rx Enable command (resetRX 
should also flush receiver FIFO) 


causes the MissingClock indication to be cleared by a Reset Missing Clock command; RTS | 
(bit 0) of CTL (ASCI port RTS line) 


Table 1 - LLAP Hardware Interface Routines for NPU 
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Appendix A - A BRIEF LLAP OVERVIEW 


LocalTalk link 

LLAP uses RS-422 signalling for transmission and reception 
over the LocalTalk link. This method provides differential, 
balanced voltage signalling over a maximum of 300 meters. 
The link consists of twisted pair cable shared by all nodes. 


Data is encoded on the link using a self-clocking technique 
known as FM-0. In this technique, clocking information is 
encoded in the transmitted data stream. Each bit cell in the 
serial data stream containsa transition at each end that provides 
timing information known as one bit-time. Zeros are encoded 
by adding a transition midway through the bit-time, as shown 
in Figure 2. 


Link access 

The LLAP protocol uses aCSMA/CA (Carrier Sense Multiple 
Access with Collision Avoidance) scheme for controlling 
access to the shared link. This algorithm attempts to prevent 
more than one transmitter from using the link ata time. The 
protocol’s handshaking method ensures that if a collision 
between transmitters occurs, one or both will back offand retry 
at a later time. : 


The collision avoidance schemerequires two items of informa- 
tion from the system hardware - an indication that a frame has 
been detected as being transmitted by another node on the link, 
and an indication that a missing clock has been detected. 


Because LLAP is a shared link protocol, transmitters of nodes 
on the link are disabled until it is determined that no other node 
is transmitting on the bus. Once anode has determined the link 
is free, further collision avoidance takes place in the form of a 
handshaking method in which anode sends a Request To Send 
_ (RTS) frame addressed to the intended receiving node. Ifa 
Clear To Send (CTS) frame is received by the sender within the 
Inter-Frame Gap (IFG) time, the sender assumes that the link 
has been made available to itself, and sends the data informa- 
tion. Ifthe CTS frame is not received withing the allotted time, 
itis assumed thata collision occurred, and the sender defers for 
awhile before attempting to regain control of the bus. 


The collision avoidance procedure described here can be 
summarized in the following steps: 


1. Check if a frame transmission in occurring on the bus 
If so, delay until maximum delay reached or frame ends 
If maximum delay reached, reset receiver (assume error) 
2. Reset Missing Clock signal 
3. Wait for the minimum IDG time to pass or until frame 
transmission sensed 
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4. If frame transmission sensed, start over from 1. 
5. Wait some additional time (determined by LLAP algorithm) 
6. If frame transmission sensed or Missing Clock detected, 
then 

increment count of defers 

wait for some time (determined by LLAP algorithm) 

if excess defers, give up with error message 
7. If no link activity detected 

send RTS frame 

ifCTS frame not received, then assume collision, and 
start from 1. 

else send data frame 


Frames 

An AppleTalk Local Link Access Protocol (LLAP) frame isa 
High-level Data Link Control (HDLC)-type frame that con- 
sists of a LLAP packet encapsulated with a preamble and a 
trailer, as shown in Figure1. 


LLAP defines that a frame transmission consists of a frame 
preamble of at least two flag bytes, followed by the LLAP 
packet, which is followed by a flag byte and a string of "1" bits. 
Flag bytes are defined by the protocol to contain the bit pattern 
7Fh (0111 1110b). 


The LLAP packet consists of the LLAP header and an optional 
data field. The LLAP header contains three bytes: the 
Destination (receiver) node ID, the Source (transmitter) node 
ID, and the LLAP frame type. Each node on the AppleTalk 
network is assigned an exclusive node ID. This ID is used by 
each node to determine if a frame on the network is intended 
for that node, by comparing the Destination node ID of the 
frame with it’s own node ID. No node is assigned the ID of 
$FF. When a frame with Destination ID of $FF appears on the 
network, all nodes assume a broadcast is being made, and all 
nodes accept and process such a frame. 


Frame types range from $00 to $FF. Values in the range $80 
to $FF identify LLAP control packets. Such packets do not 
contain a data field. Frame types in the range of $00 to $7F are 
used for LLAP data packets, with the type field specifying the 
LLAP type of the client to whom the data should be delivered. 


If the frame contains a data field, this field follows the byte 
containing the LLAP type field. This data information starts 
with a 10-bit value (in the two least significant bits of the first 
byte combined with the eight bits of data in the second byte of 
the field) indicating the size of the data in bytes, followed by 
the bytes of data themselves. The data field can contain up to 
602 bytes (2 bytes for byte count, and 600 bytes of data). 
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In the frame trailer, the Frame Check Sequence (FCS) is a 
cyclic-redundancy check calculation based on the CRC- 
CCITT (Cyclic-Redundancy Check - Consultative Committee 
on International Telephone & Telegraph) algorithm. The flag 
byte contains the same pattern ($7F) used to signal the start of 
the frame. The abort sequence consists of the 12 to 18 one-bits 
(1’s) which signal the end of frame. 


LLAP Timing 

LLAP requires that clock information be included in transmit- 
_ ted data, and therefore must be extracted from received data for 
proper reception. LLAP is defined to transmit data at 230.4 
KBps. 


A node’s interaction with the rest of the link depends heavily 


on timing. LLAP specifies a maximum time gap between — 


frames in a dialog between two nodes and a minimum time gap 
between dialogs . A transmitter, once it has sensed the link to 
be idle, must wait for the minimum IDG plus some random 
amount of time before attempting to send an RTS frame. The 
node must be capable of keeping track of this gap time. The 
NPU timers can be programmed to handle these timing require- 
ments. 


NPU handling of LLAP also requires keeping track of shorter 
time periods, such as for outputting a Missing Clock signal, for 
delaying to allow a flag byte to transmit prior to placing data in 
the MSCI transmit buffer, and for delaying to allow the abort 
sequence (12 - 18 one bits) to be output. 


These shorter time periods can be generated using software 
code delays. 
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Appendix B - AN OVERVIEW OF THE NPU 


CPU Core and MMU | 

The NPU is a member of Hitachi’s 64180 family of high- 
integration microcontroller devices. These devices are all 
based on the same CPU core which is capable of executing 
object code that is upward compatible with the Z80. The family 
members also have access to an on-chip Memory Management 
Unit (MMU) which allows the devices access toa 1 MBytead- 
dressing space, a Multi-protocol Serial Interface channel and 
an asynchronous Serial Channel for handling communications 
tasks, two channels of DMA capability, and two eight-bit 
timers. In addition to these features, the chip also provides an 
interrupt controller for on and off-chip interrupts, a DRAM 
refresh controller, programmable chip select outputs, and low- 
power operation modes. 


The MMU’s ability to access a full 1 MByte of memory gives 
the CPU a large code and data space to work with, which is 
beneficial in supporting the LLAP protocol. 


MSCI 

The Multi-protocol Serial Communications Interface channel 
provides features which allow this device to control asynchro- 
nous, byte-synchronous and bit-synchronous communica- 
tions. Many of the features required for the Open Systems 
Interconnect (OSI) model level 2 functionality are provided by 
this channel. 


An on-chip baud rate generator can generate the clocks for 

transmitting and receiving data through this channel. A built- 
in Advanced Digital Phase Locked Loop circuit can be used to 
extact Clock information from received data, or to reduce the 
noise component in an input receive clock or recieved data. 
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ADPLL 


Associated with the MSCI is an on-chip Advanced Digital 
Phase Locked Loop (ADPLL). This feature allows the MSCI 
to extact clock information encoded in received data, and/or to 
perform noise suppression on received data or a receive clock. 


DMAC 

The chips DMA capabilities consist of both general purpose 
single and dual address DMA transfers, along with a special 
chained-block transfer mode that is available for use with the 
MSCI operating in bit-synchronous communications mode. 


This capability allows the MSCI to. perform transmit and 2 


receive of serial data without CPU intervention. 


The NPU’s MSCI and DMAC allow fast transfers of bit- 
synchronous serial data with minimal processor intervention. 
The DMAC is equipped with a chained-block transfer mode 
which allows the user to pre-program a table in memory that is 
automatically read by the DMAC to determine locations and 
sizes of blocks of memory that are to transmitted or received. 
The DMAC is internally connected to the MSCI, so that MSCI 
status (such as receive buffer full or transmit buffer empty) 
triggers the DMAC operations to move data between memory 


and the MSCI Transmit/Receive Buffer (MTRB). 


These features minimize CPU processing time required to 


transmit and receive data over the link. Since the data move- 
ment between the MSCI and memory is handled by DMA 


control, the processor can take care of other system functions. 
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APPENDIX C - ROUTINE DESCRIPTIONS AND CODE 
EXAMPLES 

This appendix contains descriptions of the routines written to 
implement LLAP data reception on the NPU Evaluation 
Board, and source code listings for these routines. The source 
files for these routines are available in DOS file format on the 
Hitachi Application Engineering bulletin board. Contact the 


Field Application Engineer in your local Hitachi Sales Office - 


for information on accessing the bulletin board. 


- The routines described below werelinked together and tested 
in a program which would receive dialogs from a Macintosh 
running the AppleTalk Pokeutility. This utility sends a dialog 
by sending an RTS frame addressed to the node controlled by 
the NPU, reading a CTS frame from this node, then sending a 
data frame. The Poke utility returns an error message if the 
dialog does not occur correctly. 


transmitFrame 

This routine depends heavily on the hardware features of the 
MSCI for transmitting a LLAP frame with the proper framing 
(preceeded by two flags, followed by an abort sequence). 
Since the NPU’s MSCT is designed to send flags until data is 
placed in the transmit buffer, the hardware is unable to meet the 
LLAP requirement of two flags automatically. Instead, this 
must be handled using a software timing routine, which delays 


until two flags have been output before placing data in the | 


transmit buffer. 


This routine assumes that all information making up a LLAP 
frame has been placed in a buffer in memory, and the DMA 
controller has been initialized to access this buffer and transmit 
its data to the MSCI. This routine then enables the DMAC 
channel by writing to the enable bit of the DMAC channel 
control register. Once the DMA channel has transmitted all of 
the frame data, the MSCI automatically transmits the CRC 
bytes, eliminating the need for aroutine (txFCS) todo this. The 
transmit ofa trailing flag byte is also automatic, eliminating the 
need for the last txFLAG call in TransmitFrame. 


In order to generate an abort sequence of 12 to 18 “1” bits on 
-the data link, the MSCT’s transmitter must be disabled by soft- 
ware, which causes the transmit data line to go high. The RS- 
485 transmit driver remains enabled for an interval of 12 to 18 
bit times, which causes “1” bits to be sent over the link. After 
this interval, the transmit driver is disabled, allowing another 
transmitter to use the link. | 


Since much of this activity depends on writing to hardware 
registers and measuring short timing intervals that can be 
implemented using code loops, a section of this routine was 


written as an assembler routine which is called by trans- 
mitFrame. 


ReceiveLinkMgmt 

ReceiveLinkMgmtis actually an interrupt service routine that 
is executed in response to the DMAC channel 0 EOM (End Of 
Message) interrupt. This interrupt occurs when DMAC chan- 
nel 0 has detected that the MSCT has received a full frame of 
data. The MSCI notifies the DMAC of this condition once it 
detects a flag pattern in the received data stream. 


Upon entry to this routine, the MSCI receiver is reset to allow 
reception of the next frame, and the Enter Search Mode 
command is executed to allow the MSCI receiver to synchro- 
nize with the next incoming frame. 


Once these steps have been taken, the routine calls re- 


ceiveFrame(), which will return the frame type information. 
This type information is used to inform an application pro- 
gram is data is available to be processed. 


receiveFrame 


_ This routine is called by receiveLinkMgmt to determine the 


type of frame being received, and to respond accordingly. 
The routine could also be called by TransmitLinkMgmt in 
order to accept the CTSframe that would be sent by another 
node in response toan RTS frame sent under TransmitLinkMgmt 
control. 


To determine if this is the case, this routine checks the 
variable f{CTSexpected. If this variable is set non-zero, which 
corresponds to “true”, then an RTS frame has been sent by the 
transmitter, and a CTSframe is expected. This routine then 
waits for the EndOfFrame condition (which occurs when the 
end of the frame has been detected), or until an inter-frame gap 
timeout occurs, whichever comes first. 


If {CTSexpected is false, then the routine can assume that is 
was called by the ReceiveLinkMgmt interrupt service rou- 
tine. In this case, receiveFrame then determines the type of 


' frame that was received, and acts accordingly. Ifan RTSframe 


was received, the receiveFrame() routine takes care of send- 
ing the CTSframe reply. This section of the routine was 
coded in assembler to ensure that the reply is sent within the 
interframe gap time required by LLAP. 


The node’s response to an enquiry frame (ENQ) would also 
need to be sent within the interframe gap time. Although the 


sample routine shown does not provide for this, the node’s 


handling of sending the acknowledge frame (ACKframe) 
could be done in the same manner as for the CTSframe. 
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For modularization an ease of understanding, the NPU LLAP 
program examples were written to follow as closely as possible 
to the procedural model shown in Inside AppleTalk. 


However, after testing this code, it was determined that the 
nested levels of routines added overhead to the code that 
prevented the NPU from meeting the interframe gap require- 
ments of LLAP. To solve this problem, parts of the routines 
were converted to straight-line code, with in-line assembly 
code used to eliminate the overhead added by the C compiler. 


More efficient, but less understandable code for the NPU 
could be generated by combining the functionality of Re- 
ceiveLinkMgmt() and receiveFrame() into a single interrupt 
service routine. This routine could be written in C, with some 
in-line assembly code included to speed up critical code 
portions. : 


Additional LLAP routines 

TransmitLinkMgmt was written for the NPU in C language, 
and is presented in the Appendix as an example, although it was 
not tested. 


TransmitLinkMgmtimplements the CSMA/CA algorithm used 
by AppleTalk’s LLAP. Hardware status is read by this routine 
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to determine if the node is sensing data on the link by examin- 
ing the MSCI receiver status. If the link is determined to be 
free, the transmitFrame routine is called. This routine controls 
a transmit dialog which consists of sending an RTSframe, re- 
ceiving a CTSframe, and then sending a Data frame. 


The NPU version of this routine differs from the procedural 
model in that Inter Dialog Gap (IDG) timing is performed 
using the NPU timers rather than using a real-time clock value 
in the system (“RealTime”). Also, the function “Random” is 
simulated in the NPU system by reading the “R” counter 
register of the NPU (see Miscellaneous Routines on page 38). 
This register contains an incrementing counter that when read, 
at random intervals, will return a random value. 


Two routines, timerInit() and timeout(), were added to initial- 
ize an NPU timer, and then to poll the timer status to determine 
if timeout occurred. 


InitializeLLAP, AcquireAddress, TransmitPacket, Re- 
ceivePacket depend mainly on lower level routines that inter- 
face with the NPU hardware. The procedural models for these 
routines can be translated to C and used with the lower level 
hardware-dependent routines. 
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Appendix C - NPU Initialization Routine 





; KKK EEKEKEKKKEKKEEKKKK EEK EKER KKEEKEEKKKKERKKKEK 


; _NPUINIT : initialization of NPU for operation LLAP 
; protocol communications 
; Initializes MSCI for operation 


: KAAKKEKKARKEKKKEKEREAKEREKEKEK KKK KEK EKAKREKKARKEKKEKREKKKAKER 
; Station Address Setting - user defined 


STAADDR: EQU 044H 7; set for network use 


Coden ares en i co 


npu io address assignments 10-11-88 06:23:00 





ICR: EQU 000H ; INTERRUPT CONTROL REG 

CBR: EQU 001H ; MMU COMMON BASE REG 

BBR: EQU 002H ; MMU BANK BASE REG 

CBAR: EQU 003H ; MMU COMMON/BANK AREA REG 

OMCR:; EQU 004H ; OPERATION MODE CTRL REG 

IOCR: EQU 005H 7; I/O CTRL REG ; 

WCRL: - equ Oah 

WCRM: = equ Obh 

WCRH: equ Och 

IOWCR: equ Odh 

INTWR: equ: Oeh 

RWCR: equ Ofh 

RCR$ equ 18h 

IER1: .EQU 013h ; INTERRUPT ENABLE REG 

v 

MTRB: EQU 020H ; MSCI TX/RX BUFFER REG 

MSTO: EQU 021H ; MSCI STATUS REG 0 

MST1: EQU 022H ; MSCI STATUS REG 1 

MST2: EQU 023H ; MSCI STATUS REG 2 

MST3: EQU 024H ; MSCI STATUS REG 3 

MFST: EQU 025H ; MSCI FRAME STATUS REG 

MIEO: EQU 026H -; MSCI INTERRUPT ENABLE REG 0 

MIE1: EQU 027H ; MSCI INTERRUPT ENABLE REG 1 

MIE2: EQU 028H ; MSCI INTERRUPT ENABLE REG 2 

MFIE: EQU 029H ; MSCI .FRAME INTERRUPT ENABLE REG 

MCMD: EQU 02AH ; MSCI COMMAND REG 

MMDO: EQU 02BH ; MSCI MODE REG 0 

MMD1: EQU 02CH ; MSCI MODE REG 1 

MMD2: EQU 02DH 7 MSCI MODE REG 2 

MCTL: EQU 02EH ; MSCI CONTROL REG 

MSAO: EQU 02FH ; MSCI SYNCHRONOUS ADDRESS REG 0 

MSAL: EQU | 030H ; MSCI SYNCHRONOUS ADDRESS REG 1 

MIDL: EQU 031H ; MSCI IDLE PATTERN REG 

MTMC: EQU 032H ; MSCI TIME CONSTANT REG 

MRXS: EQU 033H : MSCI RX CLOCK SOURCE REG 

MTXS: EQU 034H ; MSCI TX CLOCK SOURCE REG 

DAROL: EQU 058H ; DESTINATION ADDRESS REG CH 0 LOW 

BAROL: EQU 058H ; BUFFER ADDRESS REG CH 0 LOW 

DAROH: EQU 059H ; DESTINATION ADDRESS REG CH O HI 

BAROH: EQU 059H ; BUFFER ADDRESS REG CH 0 HI 

DAROB: EQU O5AH ; DESTINATION ADDRESS REG CH O BANK 

BAROB: EQU OSAH ; BUFFER ADDRESS REG CH 0 BANK 

SAROL: EQU OSBH ; SOURCE ADDRESS REG CH 0 LOW 

DRWROL: EQU 05BH ; DESCRIPTOR READ/WRITE REG CH 0 LOW 

SAROH: EQU O5CH 3 SOURCE ADDRESS REG CH O HI 

DRWROH: EQU O5CH ; DESCRIPTOR READ/WRITE REG CH 0 HI 

SAROB: EQU O5DH ; SOURCE ADDRESS REG CH O BANK 

CPBO: EQU O5DH ; CHAIN POINTER BASE CH 0 

CDAOL: EQU Q5EH ; ACCESS DESCRIPTOR ADDRESS REG CH 0 LOW 

CDAOH: EQU O5SFH- ; ACCESS DESCRIPTOR ADDRESS REG CH 0 HI 

EDAOL: EQU 060H ; ERROR DESCRIPTOR ADDRESS REG CH 0 LOW 

EDAOH: EQU 061H ; ERROR DESCRIPTOR ADDRESS REG CH 0 HI 
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Appendix C - NPU Initialization Routine (continued) 








BUFLOL: EQU 062H : RX BUFFER LENGTH CH 0 LOW 

BUFLOH: EQU 063H ; RX BUFFER LENGTH CH 0 HI 

BCROL:  EQU 064H ; BYTE COUNT REG CH 0- LOW 

BCROH: EQU 065H ; BYTE COUNT REG CH 0 HI 

DSRO: EQU 068H ; DMA STATUS REG CH 0 

DMRAO: EQU 069H ; DMA MODE REG A CH 0 

DMRBO:  EQU O6AH ; DMA MODE REG B CH 0 

ICNTO:  EQU 06BH ; FRAME END INTERRUPT COUNTER CH 0 

DIRO: EQU O6CH ; DMA INTERRUPT ENABLE REG CH 0 

DCRO: EQU O6DH ; DMA COMMAND REG CH 0 

, 

DARLL:  EQU 070H ; DESTINATION ADDRESS REG CH 1 LOW 

BAR1IL:  EQU 070H ; BUFFER ADDRESS REG CH 1 LOW 

DAR1H:  EQU O71H ; DESTINATION ADDRESS REG CH 1 HI 

BARLH:  EQU 071H ; BUFFER ADDRESS REG CH 1 HI 

DARIB:  EQU 072H ; DESTINATION ADDRESS REG CH 1 BANK 

BARIB:  EQU 072H ; BUFFER ADDRESS REG CH 1 BANK 5 
SARIL: EQU 073H ; SOURCE ADDRESS REG CH 1 LOW = 
DRWRIL: EQU 073H ; DESCRIPTOR READ/WRITE REG CH 1 LOW O 
SAR1H:  EQU 074H ; SOURCE ADDRESS REG CH 1 HI oo 
DRWR1H: -EQU 074H ; DESCRIPTOR READ/WRITE REG CH 1 HI 

SARIB:  EQU 075H ; SOURCE ADDRESS REG CH 1 BANK 

CPB1: EQU 075H ; CHAIN POINTER BASE CH 1 

CDAIL: EQU 076H ; ACCESS DESCRIPTOR ADDRESS REG CH 1 LOW 

CDA1H: EQU 077H ¢ ACCESS DESCRIPTOR ADDRESS REG CH 1 HI 

EDALL:° EQU 078H ; ERROR DESCRIPTOR ADDRESS REG CH 1 LOW 

EDALH:  EQU 079H ; ERROR DESCRIPTOR ADDRESS REG CH 1 HI 

BUFLIL: EQU 07AH ; RX BUFFER LENGTH CH 1 LOW 

BUFLIH: EQU 07BH ; RX BUFFER LENGTH CH 1 HI 

BCRIL: EQU 07CH 3; BYTE COUNT REG CH 1 LOW 

BCR1H: EQU 07DH ; BYTE COUNT REG CH 1 HI 

DSR1: EQU 080H ; DMA STATUS REG CH 1 

DMRA1:  EQU 081H ; DMA MODE REG A CH 1 

DMRB1:  EQU 082H ; DMA MODE REG B CH 1 

ICNT1:  EQU 083H ; FRAME END INTERRUPT COUNTER CH 1 

DIRI: EQU 084H ; DMA INTERRUPT ENABLE REG CH 1 

DCR1: EQU O85H ; DMA COMMAND REG CH 1 


KEKE KEKE KEE EK KKK KERIKERI KKK KK KK HK KKK KKK KEK KK KEK KK 


ABSOLUTE SECTION INITIALIZATION 


RKEKEK KKK KKK ERE KE KEKE KK KEK KK KEE KK EK EKKKKEKKKKEKKEKKKKEEK 


Sa We Ns Se Ne 


extern ReceiveLinkMgmt, receive 
global rxDescript,CTSframe 
aseg 

org 0000h 


RESET:  defw _NPUINIT 


locate interrupt table at IL==00 (0000h) 
/INT1 overlaps reset vector, since not used 


Se Me 


org 16h ; DMIBO 
DMIB: defw ReceiveLinkMgmt 


RHEE KEKE KKK KKK RK IKKE KKK KKK KEKE KKK KKK KKKEKKKEKKKKKKEKEK : ° 


RECEIEVE DESCRIPTOR SET UP 


KHKKKKEKKKKEKEKKK KEK KK KEKE KK KEK KKK RK KEKKKEKREKKKEKEKKKKEKEK 


ea “ese Se Se 


7 RX BUFFER 1 

rxDescript: 
ORG 100H 
DEFW 110H ; STARTING ADDRRESS OF NEXT DESCRIPTOR = 110H 
DEFW 300H 7; LOWER 16 BIT OF RX BUFFER POINTER = 300H 
DEFB 00 ¢ HIGHER 4 BIT OF 20 BIT RX BUFFER POINTER = O00 
DEFB 0 7 RESERVED 
DEFW 0 7 DATA LENGTH OF BLOCK 1 TO BE WRITTEN BY DMA 
DEFB 0 ¢ STATUS ===> TO BE WRITTEN BY DMA 
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Appendix C - NPU Initialization Routine (continued) 


DEFB 0 ; RESERVED 

; RX BUFFER 2 
ORG 110H 
DEFW 120H ; STARTING ADDRRESS OF NEXT DESCRIPTOR = 120H 
DEFW 320H ; LOWER 16 BIT OF RX BUFFER POINTER = 320H 
DEFB 00 ; HIGHER 4 BIT OF 20 BIT RX BUFFER POINTER = 00 
DEFB 0 ; RESERVED 
DEFW 0 ; DATA LENGTH OF BLOCK 1 TO BE WRITTEN BY DMA 
DEFB 0 ; STATUS ===> TO BE WRITTEN BY DMA 
DEFB 0 ; RESERVED 

» RX BUFFER 3 
ORG 120H 
DEFW 130H ; STARTING ADDRRESS OF NEXT DESCRIPTOR = 130H 
DEFW 340H ; LOWER 16 BIT OF RX BUFFER POINTER = 340H 
DEFB 00 ; HIGHER 4 BIT OF 20 BIT RX BUFFER POINTER = 00 
DEFB 0 ; RESERVED 
DEFW 0 ; DATA LENGTH OF BLOCK 1 TO BE WRITTEN BY DMA 
DEFB 0 ; STATUS ===> TO BE WRITTEN BY DMA 
DEFB 0) ; RESERVED 

; RX BUFFER 4 
ORG 130H ; 
DEFW 140H ; STARTING ADDRESS OF NEXT DESCRIPTOR = 140H 
DEFW 360H ; LOWER 16 BIT OF RX BUFFER POINTER = 360H 
DEFB 00 ; HIGHER 4 BIT OF 20 BIT RX BUFFER POINTER = 00 
DEFB 0 : RESERVED 
DEFW 0 ; DATA LENGTH OF BLOCK 1 TO BE WRITTEN BY DMA 
DEFB 0 ; STATUS ===> TO BE WRITTEN BY DMA 
DEFB 0 ; RESERVED 

; RX BUFFER 5 
ORG 140H 
DEFW 150H ; STARTING ADDRRESS OF NEXT DESCRIPTOR = 150H 
DEFW 380H ; LOWER 16 BIT OF RX BUFFER POINTER = 380H 
DEFB 00 ; HIGHER 4 BIT OF 20 BIT RX BUFFER POINTER = 00 
DEFB 0 ; RESERVED 
DEFW 0 ; DATA LENGTH OF BLOCK 1 TO BE WRITTEN BY DMA 
DEFB 0 ; STATUS ===> TO BE WRITTEN BY DMA 

DEFB 0 ; RESERVED 

; RX BUFFER 6 
ORG 150H 
DEFW 160H ; STARTING ADDRRESS OF NEXT DESCRIPTOR = 160H 
DEFW 3A0H ; LOWER 16 BIT OF RX BUFFER POINTER = 3A0H 
DEFB 00 ; HIGHER 4 BIT OF 20 BIT RX BUFFER POINTER = 00 
DEFB 0 ; RESERVED 
DEFW 0 ; DATA LENGTH OF BLOCK 1 TO BE WRITTEN BY DMA 
DEFB 0 ; STATUS ===> TO BE WRITTEN BY DMA 
DEFB 0 ; RESERVED 

; RX BUFFER 7 
ORG 160H 
DEFW 170H ; STARTING ADDRRESS OF NEXT DESCRIPTOR = 170H 
DEFW 3C0H ; LOWER 16 BIT OF RX BUFFER POINTER = 3COH 
DEFB  —00 ; HIGHER 4 BIT OF 20 BIT RX BUFFER POINTER = 00 
DEFB 0 ; RESERVED 
DEFW 0 ; DATA LENGTH OF BLOCK 1 TO BE WRITTEN BY DMA 
DEFB 0 ; STATUS ===> TO BE WRITTEN BY DMA. 
DEFB 0 ; RESERVED 

; RX BUFFER 8 . 
ORG 170H ; 
DEFW 100H ; STARTING ADDRRESS OF NEXT’ DESCRIPTOR = 100H 
DEFW 3E0H ; LOWER 16 BIT OF RX BUFFER POINTER = 3E0H 
DEFB 00 ; HIGHER 4 BIT OF 20 BIT RX BUFFER POINTER = 00 
DEFB 0 ; RESERVED 
DEFW 0 ; DATA LENGTH OF BLOCK 1 TO BE WRITTEN BY DMA 
DEFB . 0 ; STATUS ===> TO BE WRITTEN BY DMA 
DEFB | G ; RESERVED 


KHRK KHER KKK KEKE KEKKKKEKKEKKKEEKKKEKKAKEKKKKKKK KK 


cTSframe initialization 


BATIK IR RII I IR IIR TTI RTT R RTO TORII TOR ITT TR IK Bk 


2 
¢ 
° 
, 
* 
, 





cTSframe: 
DEFB 0 reserved for dest addr 
DEFB STAADDR ;source addr is self 
Section Hi ITACH l 
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Appendix C - NPU Initialization Routine (continued) 





DEFB 85h ;CTSframe type 
; 
PRR RK ERK KEKE KEK RK RR ER KEK KR KERRI RK 
3; TRANSMIT DESCRIPTOR SET UP 
FRR KERR ERR RK KER EKER EK KK KKK KREME KEKE KEKE KKK 
; TX BUFFER 1 
ORG 4000H 


TXDESCR:: 


DEFW 4000H ; STARTING ADDRRESS OF NEXT 
TXDESCBUF Ss : 
DEFW 0000H + LOWER 16 BIT OF TX BUFFER POINTER = TBD 
DEFB 00 ; HIGHER 4 BIT OF 20 BIT RX BUFFER POINTER = 00 
DEFB 0 7; RESERVED 
TXDESCT? : 
DEFW 0 ; DATA LENGTH OF BLOCK 1 TO BE WRITTEN TX Prog 
DEFB 81H 7 STATUS EOM, EOT INCLUDED 
DEFB 0 7 RESERVED 


SECTION 


RAKE KEK KEK KEK EK EK KK KEK KEK KKK KEK KEE KKK KKK KE KEKKK KK KK 





MSCI initialization 
RK KK KKK KEK KEKE KEK KKK KKK RHEE KK KKK KKK KE KK KEKE KKKEKKK 


=e @e Me 


“ 


cseg 
_NPUINIT:: 


; DISABLE WAIT STATE/REFRESH 


LD A, 00h 

OUTO (WCRL),A 

OUTO (WCRM),A 

OUTO (WCRH),A 

OUTO {IOWCR),A 

OUTO (INTWR),A 

OuUTO (RWCR),A 

OUTO (RCR),A 

OUTO (OF 4h),A ;disable transmit driver 


TRANSMITTER AND RECEIEVER SET UP 


™e Se Be 


LD A, 21H 
OUTO (MCMD),A ? CHANNEL RESET 
LD A, 87H 


OUTO (MMDO),A , BIT-SYNC HDLC,AUTO ENABLE=0, 
7 CRC-CCITT=1 INITIALLY 


LD A, 40H 
OUTO (MMD1),A 7 Single ADDRESS CHECKED 
LD A, OCOH 


OUTO (MMD2),A ; FULL DUPLEX, FMO CODE, 

; x8 ADPLL CLK 
LD 6A,91H 
OUTO (MCTL),A TxXRDY ON NOT FULL, -RTSM=HIGH 


7 ABORT ON IDLE & UNDERRUN 


LD A, 70H 

OUTO (MRXS),A 7 RXCM FROM BRG (ADPLL OP. CLK) 
LD A, 00H 

OUTO (MTXS),A 7 TXCM FROM ? 

LD A, 05H 


OUTO (MTMC),A ; SET TMC=5 -—> BAUD RATE a 
; for appletalk testing 


LD A, OOOH 
OUTO (MIEO),A 7 TXINT AND RXINT DISABLED 
; LD A, 83H 


OUTO (MIE1),A . 7; UNDERRUN, ABORT, IDLE DETECTION 
; ; INTERRUPT disABLED 
OUTO (MFIE),A ? 
LD A, STAADDR 
OUTO (MSAO),A 7 SET SECONDARY STATION ADDRESS 
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Appendix C - NPU Initialization Routine (continued) 


LD A, 7EH 
OUTO (MIDL),A 7 SET FLAG PATTERN = 01111110 AS 
; IDLE PATTERN 


PRI RRR RRA KK KK 


7 DMA CHANNEL O SET UP (RECEIVER) 
FOIUIIIIOIOIIGIIOIOIIOIOIIOIOIIIUIIISIIIIIICIOIOIOITIOIGI OIG TOI III TOIT IK 

-LD A, 96H DMA MODE REGISTER A 

OUTO (DMRAO),A MSCI, CBSA, 
MSCI->MEMORY,MULTI FRAME 


™e Se Me 


LD A,0 
OUTO (CPBO),A 4 HIGHER BIT OF THE 


20-BIT DESCRIPTOR ADDR 


=e Ns 


LD A, 70H 
OUTO (EDAOL),A 170H 
LD A,01H STARTING ADDR (LOW-ORDER 


16 BITS) OF THE 
RX DESCRIPTOR 8 


=e Se Me Be Ve 


OUTO (EDAOH),A 


LD A, OOH 
OUTC (CDAOL),A 100H 
LD A,O1H STARTING ADDR (LOW-ORDER 


16 BITS) OF THE 
FIRST RX DESCRIPTOR 


yy en) eS eT) 


OUTO (CDAOH),A 


LD A, Sdh 
OUTO (BUFLOL),A 
LD = A, 02h 


OUTO (BUFLOH),A ALLOWING 600 BYTES IN 


EACH RX BUFFER 


ete 


LD A, 40H : 
OUTO (DIRO),A 7; EOM INTERRUPT ENABLED 


RAKE EKER NK EK KEKE KK KEK KEE KEK EK EKER KKK AK 


>; DMA CHANNEL 1 SET UP (TRANSMITTER) 
PRR RRR KEK RK RK RK ER ERE KEIR EHR KK KERR KEKE KKK KKK 

LD A,098H DMA MODE REGISTER A> 

OUTO | (DMRA1),A MSCI, CHAINED, 
MEMORY->MSCI, SINGLE FRAME 


we Me fe 


LD A,0 
OUTO (CPB1),A 4 HIGHER BIT OF THE 


20-BIT DESCRIPTOR ADDR 


bt iad J 


LD A, 20H 
OUTO (EDAIL),A 4020H 
LD A, 40H STARTING ADDR (LOW-ORDER 


16 BITS) OF THE 
DESCRIPTOR NEXT TO THE 
LAST TX BUFFER 


OUTO (EDA1H),A 


es te Ne Ne Ne Oe 


LD A, 00H ; 
OUTO (CDAI1L),A 7 4000H 
LD A, 40H + STARTING ADDR (LOW-ORDER 


16 BITS) OF THE 
FIRST DESCRIPTOR OF THE 
FIRST TX BUFFER 


OUTO (CDA1H),A 


=e Ne Me 


LD A, OOH 
OUTO (DIR1),A ; EOT INTERRUPT DisABLED | 


Enable DMIBO interrupts 


we Re Me 





LD A,08h ;DMIBO 
OUTO (IER1),A 
EI _ zenable flags 
JP receive ; receive frames 
Section H ITACH | 
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Appendix C - receive routine 
[PREECE EEE EE EERE REE EEE ELELEREEEL EEG EREEERE EERE ERE EE / 


/* This file processes the packet data received using */ 
/* ReceivePacket ss 
/* Calls:outportQ - compiler routine to output to an I/O port */ 
/* Enables DMA controller for receiving frames *] 
/* Manages circular receive descriptors */ 


[ERE EER EERE ERE EE EE EERE ERE EEE CRE EEE CHEER E  EE ERE E RT | 


#include “Itdefs.h” 


char octet, anAddress, aLAPtype; 

char aDataField{maxFrameS ize]; 

char MyAddress, fCTSexpected, fAdrValid, fAdrInUse; 
char memory[605]; 

int rcvStatus, 1; 

int outgoingLength, incomingLength; 


char dstParam,srcParam,typeParam,dataParam; 

int dataLength; 

struct structFrame ACKframe,*incomingPacket; 

struct Descriptor *rxDescrPtr; /* global storage address of current descriptor */ 


receive() 


{ char dstParam,srcParam,typeParam,dataParam; 
int dataLength,descrNumber; 
char *dataFrame; 
char EDAvalLo,EDAvalHi; 
unsigned int EDAaddr; 


/* simulate that address has been checked out on network */ 
fAdrValid = TRUE; 


/* receiver does not expect CTS until RTS is received */ 
fCTSexpected = FALSE; 


/* for this example, a node address is selected 
in actual cases, network inquiries would be used 
to select an check for an unused node number */ 
My Address = 0x44; 


/* enable DMA ch 0 operation for receiving frames */ 
outport(DSRO,Enable); 

/* enable MSCI receiver */ 
outport(MCMD,RXenable); 

/* place receiver in Search Mode */ 
outport(MCMD,EnterSearch); 

descrNumber = 0; 

/* zero Out rcvStatus counter */ 

rcvStatus = 0; | 


HD64180S 


SECTION 
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Appendix C - receive routine (continued) 


do 
{ 


rxDescrPtr = &rxDescript{descrNumber]; 

while (rcvStatus == 0); 

dataFrame = (*rxDescrPtr).BufferPtr; 

dataFrame = dataFrame+5; /* skip address info */ 


incomingLength = ((*rxDescrPtr).DataLength - 5); 


/* move frame data to memory location accessed by 


application */ 
if(incomingLength > 3) 
{ for(i=0;i<incomingLength;i++) 
{ memory[i] = *dataFrame++; 
txasci(memory[i]); 
} 
} 
descrNumber++; 
if(descrNumber == 8) 
{ descrNumber = 0; 


EDAaddr = &rxDescript[7]; 
EDAvalLo = EDAaddr; /* recast pointer */ 
EDAvalHi = EDAaddr >> 8; 
outport((EDAL,EDAvalLo); 
outport((EDAH,EDAvalHi); 

} 


/* check to see if rx buffers can be reused */ 


else if (descrNumber == 1) /* circular buffer */ 
{  EDAaddr= &rxDescript[0); 

: EDAvalLo = EDAaddr; /* recast pointer */ 
EDAvalHi = EDAaddr >> 8; 
outport((EDAL,EDAvalLo); 
outport(EDAH,EDAvalHi); 

} 


/* rcvStatus is incremented by receiveLinkMgmt() and 
receiveFrame() when a data frame is received */ 


rcvStatus = rcvStatus - 1: 


_ } while (1>0); 


} 


txasci(item) /* transmit a character to the ASCI port */ 


char item; 


{ int status; 


while((status=IBIT(ST1,6)) == 0); 


Application Note 





outport(TRB, item); 
yo 
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Appendix C - LLAP Definitions 
[EET EEEEEEERT REE EEES ERE EEE CEE EE EER EE EERE RE | 


/* Itdefs.h 


This file contains definitions and declarations 
that are used by all LocalTalk C routines */ 


[EREEEEEE EERE EEE ERE RENEE EEE ERE EH RHR MR HE / 


#define minFrameSize 3 
#define maxFrameSize 605 
#define maxDataSize 600 
#define bitTime 4.34 
#define byteTime 39.0 
‘#define minIDGtime 400.0 
#define IDGslottime 100.0 
#define maxIFGtime 200.0 
#define maxDefers 32 
#define maxCollsns 32 
#define lapENQ 0x81 
#define lapACK 0x82 
#define lapRTS 0x84 
#define lapCTS 0x85 
#define hdlcFLAG Ox7E 
#define wksTries 20 
#define MTRB 0x0020 
#define MST1 0x0022 
#define MSTO 0x0021 
#define MST2 0x0023 
#define MCMD. 0x002A 
#define MCTL 0x002E 
#define MSAO 0x002F 
#define RXRDYmask 0x0001 
#define SYNCDmask 0x0010 
#define CRCmask 0x0004 . 
#define OVRNmask 0x0008 
#define EOMmask 0x0080 
#define RXreset 0x0011 
#define RXenable 0x0012 
#define RXdisable 0x0013 
#define TXenable 0x0002 
#define EnterSearch 0x0031 
#define EDAL 0x60 
#define EDAH 0x61 
#define CDAL Ox5SE 
#define CDAH OxSF 
#define DSRO 0x68 
#define DIRO 0x6C 
#define DSR1 0x80 
#define IER1 0x13 
#define DMACenable 0x02 


HD64180S 





#define receiveOK Ox0FO 
#define Receiving Ox0E0 
#define nullReceive Ox0E1 
#define EOFrame 0x40 
#define DMIBOE 0x08 
#define Enable 0x02 
#define EOMreset 0x41 
#define NPUreg OxF4 
#define TRUE OxFF 
#define FALSE 0x00 
#define OverrunError 0x20 
#define badframeSize 0x21 
#define badframeCRC 0x22 ra 
#define noFrame 0x23 a 
#define lapRTSframe 0x24 i 
#define lapCTSframe 0x25 
#define lapACKframe 0x26 
#define lapDATAframe 0x27 
#define lapENQframe 0x28 
#define badframeType 0x29 
#define UnderrunError Ox2A 
#define frameError 0x2B 
#define transmitOK 0x30 
#define excessDefers 0x31 
#define excessCollsns 0x32 
_#define dupAddress 0x33 
struct structFrame { 

char destAddr; 

char srcAddr; 

char lapT ype; 

char dataField{maxFrameSize]; 

}; 


struct rawFrame { 


char rawdataField{maxFrameSize]; 


5 


struct Descriptor { 


unsigned int ChainPtr; 
long int BufferPtr; 
unsigned int DataLength; 
char status; 

char reserved; 


int spacer1; 
int spacer2; 
int spacer3; 


iP 


/* reserve 6 bytes to place */ 
/* descriptors on even boundary */ 
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Appendix C - LLAP Definitions (continued) 


extern char octet, anAddress, aLAPtype; 

extern char aDataField[maxFrameSize]; 

extern char MyAddress, fCTSexpected, fAdrValid, fAdrinUse; 
extern int Backoff, deferCount, collsnCount,i; 

extern char deferHistory ,collsnHistory; 

extern int outgoingLength, incomingLength; 

extern struct structFrame outgoingPacket, *incomingPacket; 
extern struct structFrame ACK frame,CTS frame; 

extern struct Descriptor rxDescript[8],*rxDescrPt; 

extern char memory[605]; 





extern char dstParam,srcParam,typeParam,dataParam; 
extern int dataLength; 
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Appendix C - ReceiveLinkMgmt Routine 


[MMA HA EAA RHR AR AAA AA EH BRAK A HAH AHH HK AAA HHA AA He 


ft | 
/* ReceiveLinkMgmt function: called by EOMF Interrupt */ 
ha */ 
/* This routine processes each frame as it is received */ 
/* Routine calls ReceiveFrame */ 
/* Sets global rcvStatus when a dataframe is received */ 
* * 


ai hi a aa a a ht cad | 


#include “Itdefs.h” 


ReceiveLinkMgmt() 


SECTION 





{ char status; 
extern int rcvStatus; 


#entry 

; assembly entry code 
push af 
push hl 
push de 
push be 
push ix 
push iy 
€XX 
ex” af,af’ 
push af 
push hl 
push de 
push be 

#endasm 


/* when interrupt is received, full frame has been 
received, so reset MSCI receiver and Enter Search 
Mode to prepare to receive next frame */ 


resetRx(); 
EnterSearchMode(); 
+ 

Status = Receiving; 

while (status == Receiving) 

{ switch(receiveFrame()) 

{ case badframeCRC: 
case badframeType: 
case UnderrunError: 
~ case OverrunError: status = frameError; 

break; 
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Appendix C - ReceiveLinkMgmt Routine (continued) 


} 


case lapENQframe: { 
if(fAdrValid) 
{ -ACKframe.destAddr=(*incomingPacket).srcAddr; 


ACK frame.srcAddr=MyAddress; 
ACKframe.lapType=lapENQ; 
transmitFrame(&ACK frame,3); 
status = nullReceive; 


} 

else 

{ fAdrInUse = TRUE; 
status = nullReceive; 

| } 
} 
break; 
case lapRTSframe: { 

if ('fAdrValid) 

{ CTSframe.destAddr=(*incomingPacket).srcAddr; 
CTSframe.srcAddr=My Address; 
CTSframe.lapType=lapCTS; 
transmitFrame(&CTSframe,3); 

else */ 

{ fAdrInUse = TRUE; 

| status = nullReceive; 

} 

else 
status = nullReceive; 

} ; 
break; 
case lapDATAframe: { 

if (fAdrValid) 

{ . §tatus = receiveOK; 

} 

else 

{ fAdrInUse = TRUE; 


status = nullReceive; 
} 


} 
break; 


case noFrame: _ status = nullReceive; 


rcvStatus = rcvStatus + 1; 


outport(DSRO,EOMreset); /* reset EOM interrupt */ 
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return; : 
#asm 
Section | _ H ITACH I 
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Appendix C - ReceiveLinkMgmt Routine (continued) 


aexit.: pop be 
pop de 
pop hi 
pop af 
ex __ af, af’ 
@xxX 
pop iy 
pop ix 
pop be 
pop de 
pop hi 
pop af 
el 
ret 


SECTION 
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Appendix C - ReceiveFrame Routine 


[RR AR ee ee He RR HH HA A HEHE HH HH AACA A He He A A HH He HH / 


/* | */ 
/* receiveFrame() | - 
/* This routine receives a LLAP frame */ 
/* In-line assembly section added to speed up response */ 
/* toRTS frames - must respond within inter-frame gap */ 
/* time */ 
[* */ 
/* Calls:timerInit(), timeout(), CarrierSense(), | */ 
[* EndOfFrame() 

/* ei(),diQ - library routines to enable and 

ig | disable interrupts 

ig inport() - routine to read a byte from an 

hg i/o port address 

ie */ 


#include “Itdefs.h” 
#define SLOCLK 0x12 


char receiveFrame() 


{_ char error; 
char RcvFramie; | 
struct structFrame *structPacket; /* struct. access */ 
struct Descriptor *rxDescrPtr; /*pointer to Descr*/ 
char temp] ,temp2; 


/* set up packet pointers to point to same memory area */ 


temp1 = inport(CDAL); — 

temp2 = inport(CDAH); 

rxDescrPtr = (temp2 << 8) + temp]; 
incomingPacket=structPacket= (*rxDescrPtr).BufferPtr; 
error = FALSE; 


/* Check if called by interrupt */ 


if(f{CTSexpected) /* waiting for txframe response */ 
di(); _ /* disable receive interrupts */ 
timerInit(maxIFGtime,SLOCLK); 
while(!timeoutQ) && !CarrierSense()); 
if(!CarrierSense()) { | 
ei(); 
| return(noFrame); 
} 
else while(!EndOfFrame()); 
. /* check for frame receipt */ 
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276 @ Hitachi America, Ltd. * San Francisco Center * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 © (415) 589-8300 





Application Note 








Appendix C - ReceiveFrame Routine (continued) 
/* Check on validity of the frame */ 


if (error == 
{ if (fAdrValid) 


FALSE) 


{ if ((temp1=(*structPacket).lapType) >= 0x80) 


switch(temp1) 


{ 


case lapRTS : : 
CTSframe. destAddr=(*structPacket). srcAddr; 


[RK KK KKK RK KK RK KK KK KK IK KK I RR I / 


/* */ 

/* TFCODE.asm a 

/* */ 

i> Code segment to transfer a frame 

{* (for CTS response to RTS) © */ 
/* In-line assembly code ial | 


[ ®K R KKK K  K I K  K  KK K K O III II  R R  O R K  K K K K / 


#asm 
mstat0O: equ 
mcomd: EQU 
Dstatl: EQU 
txdrv: EQU 
TXDen: EQU 
TXDdis: EQU 
TXen: EQU 
DMACen: EQU 
extern 


021H ; MSCI Status Reg 

O2AH ; MSCI COMMAND REG 

080H ; DMA STATUS REG CH 1 

OF 4H ; NPU board control register 
018H ; enables tx drivers on npu bd 
008H ; Gisables tx drivers on npu bd 
002H ; enables tx of MSCI 

002H ; enables DMAC channel 
TXDESCBUF, TXDESCT 


; assembly entry code 


push 
push 
push 


ld 
outdo 
ld 
ld 
ld 
ld 


; enable transmit drivers 
tftime: 


LD 
LD 


OUTO 





Hitachi America, Ltd. * San Francisco Center « 


ee SES ECR oe een eee 


af 
bc 
hl 


a,12h 


(2Ah),a 


hl,CTSframe 
(TXDESCBUF) ,hl 


a, 03h 


(TXDESCT),a 


A,5 


B, TXDen 
(txdrv),B 


;disable receiver 

jload address of structure. (ptr) 
jplace this in tx descriptor 
;load count of bytes to transfer 
;place this in tx descriptor 


for 1.5 bit times 


;prepare to count 1.5 bit times 


;enable transmit drivers 
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Appendix C - ReceiveFrame Routine (continued) 


~ TLOOPI: SUB 
JR 


1 
NZ,TLOOP1 


| Application Note 


;decrement A for timing 
;loop until timeout. 


; disable transmit drivers for 1.5 bit times 


LD 
LD 
OUTO 
TLOOP2: SUB 
JR 


; enable transmit for 1 byte time 


LD 
LD 
OUTO 
LD 
OUTO 
TLOOP3: SUB 
JR 


; enable DMAC 


LD 
OUTO — 


ENDLP : INO 
AND 
JR 


; wait for all chars and CRC to 


LD 
TLOOP 4: SUB 
JR 


A,5 

B, TXDdis 
(txdrv),B 
ay 

NZ, TLOOP2 


A,28 

B, TXDen 
(txdrv),B 
B, TXen 


-(mcomd),B 


i) 
NZ, TLOOP3 


to load TX buffer 


B, DMACen 
(Dstatl),B 


A, (mstat0O) 
02h 
Z,ENDLP 


A, OAOh 
1 
NZ, TLOOP 4 


; disable transmitter 


LD 
OUTO 


; wait for NULLS to transmit as 


LD 
TLOOPS: SUB 
JR 


B,03h 
(mcomd) ,B 


A, 43h 
uf 
NZ, TLOOPS5 


; Gisable transmit drivers 


LD © 
OUTO 


B, TXDdis 
(txdrv),B 


transmit 


;disable transmit drive 
;decrement A for timing 
;loop until timeout 


(flag) 


;enable transmit drive 
;enable transmit 


;loop until timeout 


;enable DMAC channel 1 


;wait for end of frame 


;prepare for abort string 
;12 bit times 
;loop until timeout 


Abort sequence 


712 bit times 
;loop until timeout 


;Gdisable transmit drive 
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Appendix C - ReceiveFrame Routine (continued) 


; re enable receiver, and enter search mode 


LD B,12h 
outdO (2ah),b 
LD B, 31h 
outO (2ah),b 





pop hl 
pop be 
pop af 
#endasm 
RcvFrame = lapRTSframe; 5 
break; 3 
case lapENQ : RcvFrame = lapENQframe; 7 
break; 
case lapACK: /* Note ACK portion should be handled as RTS is to meet IFG requirements */ 
RcvFrame = lapACK frame; 
fAdrInUse = TRUE; 
break; 
case lapCTS : 
if(f{CTSexpected) 
RcvFrame=lapCTSframe; 
else 
{ fAdrInUse = TRUE; 
RcvFrame = badframeType; 
| 
break; 
default : RcvFrame = badframeType; 
} 
} 
else 


RevFrame = lapDATAframe; 


} | 
else if ((*structPacket).srcAddr != OxFF) 
{ fAdrInUse = TRUE; 
RcvFrame = noFrame; 
} 


else RcvFrame = noFrame; 
return(RcvFrame); 
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_ ‘Appendix C - TransmitFrame Routine (continued) 


[EEREEEPEREEEESEE EEE EERE EER EERE ERIM REE ENE EER RANE EE / 


- 


_ /* transmitFrame - transmits a single LLAP frame 


/* 


_ /* Based on procedural model in Inside AppleTalk 
/* Calls: tftimeQ), disableRx(),ResetMissingClockQ) 


/* 


#include “Itdefs.h” 


extern unsigned int TXDESCR; 
extern tftime(),disableRx(),ResetMissingClock(); 


transmitFrame(strucptr,framesize) 


struct structFrame *strucptr; 
int framesize; 


{ 


weet 


struct Descriptor txDescript,*txDescrPtr; 
int mode; 


/* Disable Receiving, since link is shared */ 
disableRx(Q); 


/* Initialize TX Descriptor */ 
txDescrPtr = &TXDESCR; 
(*txDescrPtr). BufferPtr = strucptr; — 
(*txDescrPtr).DataLength = framesize; 


tftime(); 

/* generate synchronizing pulse */ 

/* Start frame transmission */ 

/* allow one flag byte to transmit */ 

/* enable DMAC to start transfer of data */ 


ResetMissingClock(); 
enableRx(); 


*/ 
| 
*/ 
*/ 
uy 
*/ 


[EERE EEE EERE LING ERIE EE EER EE RE EERE ET / 


/* address of tx descriptors*/ 


Application Note 
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Appendix C - Timing related routines for transmitting frames 


KREKKEKKKKRKKKKKKEK KEKE KKK KKK KKK KK KKK KKK KKEKKEKKKEKEKKEKKKKKKK KKK 
; tftime - transmit frame timing related routines 
; called by TransmitFrame 


,; generates missing clock signal by enable and disable 


; of transmit driver 
+ enables transmitter for one byte time to allow two 
; flags to transmit 


; enables DMAC channel 1 to load MSCI with transmit data 
; reprograms MSCI to output MARK in idle state 





; waits for end of transmission 5 
; at end of frame, allows approx. 12 bit times of mark is 
; for LLAP Abort sequence requirement oO 
; npu io address assignments 10-11-88 06:23:00 

MCMD: $EQU ‘O2AH ; MSCI COMMAND REG 

MCTL: EQU O2EH ; MSCI CONTROL REG 

MIDL: EQU 031H ; MSCI IDLE PATTERN REG 

MST2: EQU 023H ; MSCI Status Register 2 

DSRI1: EQU 080H ; DMA STATUS REG CH 1 

DMRAI : EQU 081H ; DMA MODE REG A CH 1 

DMRB1: EQU 082H ; DMA MODE REG B CH 1 

DIR1: EQU 0O84H © ; DMA INTERRUPT ENABLE REG CH 1 

DCRI1: EQU 085H ; DMA COMMAND REG CH 1 

NPUreg: EQU OF 4H ; NPU board control register 

TXDen: EQU 018H ; enables tx drivers on npu bd 

TXDdis: EQU 008H ; Gisables tx drivers on npu bd 

TXen: EQU 002H , enables tx of MSCI . 

DMACen: EQU 002H ; enables DMAC channel 


PREKRKKKKKKK KKK KKK KKK KKEKKKKKKKKKKKKK KKK KKK KKK KK RK KKK KK KK 


public tftime 
cseg 


; enable transmit drivers for 1.5 bit times 
tftime: 


LD A,5 ;prepare to count 1.5 bit times 

LD B, TADen 

OUTO (NPUreg),B ;enable transmit drivers 
TLOOP1: _ SUB 1  ;decrement A for timing 

JR NZ, TLOOP1 ;loop until timeout 
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Appendix C - Timing related routines for transmitting frames (continued) 
; disable transmit drivers for 1.5 bit times 





LD A,5 : 

LD B, TXDdis 

OUTO (NPUreg),B ;disable transmit drive 
TLOOP2: SUB 1 decrement A for timing 

JR NZ, TLOOP2 sloop until timeout 


; enable transmit for 1 byte time (flag) 


LD A,28 
LD B, TXDen 
OUTO (NPUreg),B. ;enable transmit drive 
LD B, TXen 
OUTO (MCMD),B ;enable transmit 
TLOOP3: SUB 1 . 
. JR NZ, TLOOP3  ;loop until timeout 


; enable DMAC to load TX buffer 


LD B, DMACen 


OUTO (DSR1),B ;enable DMAC channel 1 
ENDLP : INO A, (MST2) 

AND O2h 

JR Z,ENDLP swait for end of frame 


; wait for all chars and CRC to transmit 


LD A, OAOh | ;prepare for abort string 
TLOOP 4: SUB 1 712 bit times 


JR NZ, TLOOP 4 | sloop until timeout 
; disable transmitter 

LD ~=B, 03h 

OUTO (MCMD),B 
; wait for NULLs to transmit as Abort sequence 

' LD A, 43h 
TLOOPS: SUB 1 712 bit times 

JR NZ, TLOOPS5 ;loop until timeout 


; Gisable transmit drivers 


LD B, TXDdis 
OUTO (NPUreg),B ;disable transmit drive 


; return to transmitFrame routine 


RET 
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Appendix C - NPU Hardware Interface Routines 


[EERE EEEEE EE ERE EE ERE EE MSH ME EH HH eA RA ee eae ee He Ne / 





[* */ 
/* This file contains global variable declarations */ 
/* and NPU hardware interface routines _*/ 
/* Filename: NPUhwrt.c sf ia 
[* */ 


[Ra He He ee ee he He he he he ee ee eh he ee 2 eH ee eh he ee hh ee 2 i 2 2 He oe he 2 A 7 


#include “Itdefs.h” 





int CarrierSense() | 
/* Reads MST1 and returns FLGD bit: (p. 145) 
1: Flag detected 5 
0: No flag detected */ 5 
” 
int MSCIStatReg1, status; 


MSCyIStatReg] = inport(MST1); 
status = (MSCStatReg1 & SYNCDmask); 
return(status); 


wd 


int RcvDataAvail() /* Also referred to as RxCharAvail */ 
/* Reads MST0 and returns RxRDY bit: (p. 141) 

1: data in rx buffer 

0: no data in rx buffer oi 


—_. 


int MSCIStatReg9, status; 


MSCIStatRegO = inport(MST0); 
status = (MSCIStatReg0 & RXRDYmask); 
return(status); 


} 


int OverRun(Q) 

/* Reads MST2 register and returns OVRN bit: (p. 150) 
1: Overrun error detected 
0: No overrun error detected bf 


{ 
int MSCTStatReg?, status; 


MSCyTStatReg2 = inport(MST2); 
Status = (MSCIStatReg2 & OVRNmask); 
return(status); 


od 
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Appendix C - NPU Hardware Interface Routines (continued) 


int EndOfFrameQ) | 
/* Reads MST2 register and returns EOM bit: (p. 150) 
1: End of receive frame detected 
0: Receive frame end not detected */ 
{ = 
int MSCStatReg?, status; 


MSCStatReg2 = inport(MST2); 
status = (MSCIStatReg2 & EOMmask); 
return(status); 


sd 


int CRCok() 

/* Reads MST2 register and checks CRC bit: (p. 150) 
1: CRC error detected, return 0 

_, 0: no CRC error detected, return 1 | */ 


{ | 
int MSCIStatReg?, status; 


MSCStatReg2 = inport(MST2); 
status = (MSCIStatReg? & CRCmask); 
if (status) 
return(FALSE); 
else return(TRUE); 


See! 


void resetRx() 
/* Resets and reenables receive by issuing commands 
to the MCMD register (p. 137) , */ 


— 


outport(MCMD,RXreset); 
outport(MCMD,RXenable); 


} 
void enableRx() 


/* reenables receive by issuing commands | 
to the MCMD register (p. 137) | */ 


outport(MCMD,RXenable); 





void disableRx() 
/* Disables receive by issuing commands to the MCMD reg. */ 
outport(MCMD,RXdisable); 
} 
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Appendix C - NPU Hardware Interface Routines (continued) 


void EnterSearchMode() 
/* Issues Enter Search Mode command to the MCMD register */ 


{ outport(MCMD,EnterSearch); 
} 


char rxDATA() 
/*returns a character of data from the MSCI receive buffer*/ 
{ char data; 


data = inport(MTRB); 
return(data); 


we 


void enableTx() 
/* enables transmit by issuing commands to the MCMD register (p. 137) 


outport(MCMD,TXenable); 


el 


void enableTxDrivers() 
/* enables Tx drivers by writing to hardware register on NPU 
board (p. 18 of Dev Board UM) */ 


am, 


char data; 

data = inport(NPUreg); 
data = data | 0x10; 
outport(NPUreg, data); 


void disableTxDrivers() | | 
/* disables Tx drivers by writing to hardware register on 
NPU _ board (p. 18 of Dev Board UM) */ 


{ char data; 

data = inport(NPUreg); 
data = data & OxOEF; 
outport(NPUreg,data); 
3 | 
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Appendix C - NPU Hardware Interface Routines (continued) 


char endofTXQ) | 
/* polls DMA ch 1 status register 1 (DSR1) to check for End 
of Frame condition (p. 576) */ 





{ char data; 


data = inport(DSR1); 
data = data & 0x40; 
return(data); 


void enableDMAC1() 
/* enables DMAC to MSCI transfer for transmit data */ 


{ outport(DSR1,DMACenable); 
} 
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Appendix C - Miscellaneous Routines 





[FEEEEEES EEE E EEL ELE EL EEL ERE HERE EEE EE EE ER ERLE EEN SEEMS / 


/* Miscellaneous Functions */ 


#define FALSE 0x00 
#define CMF 7 

#define TCSRO 0x52 
#define TCONRO 0x5] 
#define TCNTO 0x50 


#define ,TMRenable 0x12 
#define IDGslottime 100.0 


#define MST3 0x24 — z 
#define MCTL 0x2e e 

tu 
int rval; oe 





int bitCount(bit Vector) 


int bitVector; 

{ int sum; 
sum = BIT(&bit Vector,0); /* BIT is a function which returns a bit value(specified by 2nd parameter) */ 
sum = sum + BIT(&bitVector,1); /* from a bit vector (address specified as 1st parameter */ 


sum = sum + BIT(&bitVector,2); 
sum = sum + BIT(&bitVector,3); 
sum = sum + BIT(&bitVector,4); 
sum = sum + BIT(&bitVector,5); 
sum = sum + BIT(&bitVector,6); 
sum = sum + BIT(&bitVector,7); 
return(sum); 


} 


int min(val1, val2) /* returns the minimum of two values */ 
int vall,val2; 


{ if (vall < val2) 
return(val1); 
else return(val2); 


) 


int max(vall,val2) /* returns the maximum of two values */ 
nt vall,val2; | 


{ if (vall > val2) 
return(val1); 
else return(val2); 


} 
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Appendix C - Miscellaneous Routines (continued) 


float random (maxval) /* returns a simulated random value based on the value in the NPU R register */ 
int maxval; a 


~ {- extern int rval; 
float randval,floatslot; 


#asm 
Id ays 
Id = (rval),a Z 


| #endasm 
randval=maxval*((float)rval/(float)127); 
randval=(randval*IDGslottime)/776; 


return (randval); 
void timerInit(seed,enable) /* initializes the NPU timer channel 0 */ 
char seed,enable; | 


{ outport(TCONRO,seed); 
outport(TCSRO,enable); 


} 
char timeout() /* polls the NPU timer channel 0 for timeout condition */ 


{. int status; /* disables timer when timeout detected */ 


status = inport(TCSRO); 

status = BIT(&status,CMF); 

if(status) | 

{ inport((TCNTO); /* clear CMF */ 
outport(TCSRO,0x00); 

} /* disable counter */ 

return(status); 


} 


void ResetMissingClock(Q) /* generate negative pulse on /RTSM output line */ 
/* causes reset of external missing clock circuitry */ 
{ outport(MCTL,0x80); . 
outport(MCTL,0x8 1); 
} 


char MissingClock() /* reads state of output of missing clock circuitry */ 
/* if }CTSM high, then detected */ | 
{ 


return(IBIT(MST3,0x03)); 
} i 
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Application Note 
Chained Block Transfer DMA 


Introduction 


Hitachi’s HD64180S Network Processing Unit (NPU) com- 
bines the 64180 8-bit CPU core with a set of on-chip periph- 
erals which provide the user with high-integration communi- 
cations control capability. The on-chip peripherals include a 
Multi-protocol Serial Communications Interface (MSCI) 
which can support Asynchronous, Byte Synchronous and Bit 
Synchronous communications protocols. To assist in han- 


NPU DMAC 
DMA 
Control 
Registers 


[ BAR] 
[ BCR | 


Descriptor 
Control 
Registers 


Descriptor 


Marnie Mar, Jun Tsong, Tom Yu 


dling data transmitted and received by the MSCI, the NPU 
also includes a two-channel Direct Memory Access Control- 
ler (DMAC). 


The DMA capability provided on-chip includes standard 
DMA functions such as single and dual address transfers of 
data using external or auto (program generated) requests. In 
addition, when using Bit Synchronous protocols such as 
SDLC with the MSCI, the DMAC is capable of transmitting 


SYSTEM MEMORY 


1st frame 
received 





DESCRIPTOR CONTENTS: 


SAR: Source Address Register 
DAR: Destination Address Register 
BAR: Buffer Address Register 
BCR: Byte Count Register 


EDA: Error Descriptor Address Register 
CDA: Current Descriptor Register 
BFL: Buffer Length 





* Address pointer to next descriptor 

* Number of data bytes transferred (loaded following end of frame or end of buffer) 
* Beginning address of current buffer (placed in BAR) 

* Status byte (loaded from MSCI status following transfer) 


Figure 1 - Receive Data storage using MSCI and DMAC 
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SYSTEM MEMORY 


1st frame 
transmitted 


2nd frame 
transmitted 





ee <—(SAR)/BAR 





DESCRIPTOR CONTENTS: 


SAR: Source Address Register 
DAR: Destination Address Register 
BAR: Buffer Address Register 
BCR: Byte Count Register 


EDA: Error Descriptor Address Register 
CDA: Current Descriptor Register 
BFL: Buffer Length 


* Address pointer to next descriptor | 

* Number of data bytes transferred (loaded to BCR prior to start of buffer tansmission) 

* Beginning address of current buffer (placed in BAR) _ 

* Status byte (read by DMAC to determine if buffer contains end of frame and/or transmission)) 


Figure 2 - Accessing transmit data usind MSCI and DMAC 


data from and receiving data into a series of blocks, or buffers, 
in memory. This capability is provided by an internal 
connection between the DMAC channel 0 and the MSCI 
receiver, and channel 1 and the MSCI transmitter. 


These memory buffers can be located anywhere in the 1 
MByte memory space accessible by the NPU. Once initiali- 
zation of the DMAC anda table in RAM defining the memory 
buffers occurs, data transfer and buffer management proceeds 
without further CPU intervention. 


This Application Note discusses the details of this DMAC 
capability, refered to as the Chained-block Transfer Mode. A 
simple example program using the MSCTI to transfer data 
using this mode is also discussed, and the program code is 
included as an example. 


NPU’s Buffer Management Scheme 


The NPU can dynamically allocate individual buffers in 
various locations in system memory as the source or destina- 
tion for DMA transfers. These buffers are identified when the 
user initializes a table of information in memory which 
contains an entry for each buffer. Each entry, called a 
descriptor, contains attributes such as start of buffer location, 
link pointer to the address of the next buffer’s descriptor, 
buffer size, and buffer status. Using this descriptor table, the 
DMA channel can autonomously handle Bit Synchronous 
protocol data transfers between the MSCI and the memory 
buffers. 


The size of buffers used depends on the application. Bit- 
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oriented protocols generally operate by transferring groups of 
data framed by control information, which are referred to as 
frames or packets of data. The size of buffers can be separately 
specified for transmit and receive data. 


For transmissions, data to be sent in a frame may be located 
inoneor more locations in memory, and therefore the transmit 
buffer(s) would be shorter than or equal in length to the data 
frame/packet. Data in several buffers can be contiguously 
sent to make up a frame. The status information held in each 
transmit buffer 





HD64180S 


Advantages of the Linked-Chaining Mode 


The NPU’s linked chaining capabilities provide advantages 


over conventional DMA handling of serial data. Some of the 
advantages of this scheme are listed below: 


- High performance in both serial data transmission rates 
and system throughput — the Chained-block Transfer Mode 
allows the DMAC to continuously load data received by the 
MSC into memory without incurring CPU overhead to switch 

buffers. Coupled 


descriptorde- with the MSCI’s 
scriptor indicates _ System’ multi-block transfer 
i Memory as 

Tee Mane, BRT Ae ae . 
tains the end of a n Chain Pointer L Link to next descriptor this mode can move 
frame. n+1 Chain Pointer(H back-to-back frames 

n+2 Buffer Pointer (L of data located in dif- 
The DMAC can n+3 uffer Pointer (H Starting address of ferent parts of 
be programmed n+4 Peserved _|Buffer Pointer(H)| —| Corresponding buffer memory to the 
wo wansmit one | 45 MSCT + eemsemil, 
time, or to trans- dap Bytes of data in sistance. System 
mit multiple bag Data Length (H corresponding buffer processing time for 
frames to assist in habe Status 2 z received data is en- 
high speed data n+9 eserve hanced by the 
transfer. MSCI’s three-byte 
If the DMAC FIFO for both re- 
channel is initial- Figure 3 - Buffer Descriptor for Chained Block Transfer DMA ceiver and transmit- 
ized for multiple ter. 


frame transmissions, the status information in the transmit 
buffer descriptor includes a bit to indicate if the buffer 
identified by the descriptor contains the end of data to be 
transmitted. 


For reception, frames are received and stored in one or more 
buffers. A pre-determined maximum buffer size is used to 
allocate memory for these buffers. If the incoming data frame 
is longer than this maximum size specified, the frame will be 
_ broken up into separate buffers. The MSCI signals the DMAC 
when the last byte of a frame has been transferred using an 
internal signal line. By specifying a maximum buffer size 
equal to the size of the average frame, less memory space will 
be wasted by smaller frames or portions of frames which do 
not fill the buffer size allocated. 


If multi-frame mode of operation has been specified, the 
DMAC will perform buffe: switching following the receiptof 
the End.of Frame signal. Data for the next frame will be 
received into a new buffer. 


HITACHI 
Hitachi America, Ltd. San Francisco Center * 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 


0 eS ETE Oe em em ee aerate St ene yee ns eta Te 


- Efficient utilization of system memory — \n a system 
without smart buffer management, consecutive memory blocks 
need to be reserved for each of the frames or packets of data 


SECTION 


to be received. The size of each memory block would need - 


to be along as the maximum frame/packet size (e.g. 264 bytes 
in an ISDN LSPD frame, 603 bytes in a LLAP packet for 
AppleTalk). , 


_ With the capabilities of the NPU, multiple buffers can be 


chained together to hold the data contained in one received 
frame. Although receive data buffer sizes must be fixed (for 
memory allocation), the size selected can be optimized by 
specifying the average frame size. 


- Efficient transmission of data stored in multiple locations 
— In the case of data transmission, frame data may be 
scattered in system memory space in blocks of differing size. 


Provided with link information in the descriptors, the NPU’s | 


DMA can autonomously transfer such a frame of data to the 
MSCI’s transmitter. Without this linking capability, the data 
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- Receive Buffer Descriptor 


Buffer’s size is pre-programmed in BFL 
register 


Data length field is written with the BCR 
contents by the DMAC. during buffer switching. 
If switching occurs in the middle of a frame, 
length field will equal BFL register value. 


Status field is written by theDMAC during 
each buffer switch 


Status field is read by the user program prior 
to processing the receive buffer data 


blocks would have to be combined in memory prior to 
transmission. With the DMAC’s multiple frame transmission 
capability, multiple frames of this type can be transferred to 
the MSCI’s transmitter continuously by DMA without CPU 
intervention. 


- Low bus bandwidth overhead — Without buffer man- 
agerment capability, the DMAC would have to poll to deter- 
mine if data was available for transmission, or an interrupt 
would have to be generated and serviced in order to signal the 
DMAC that data was ready to be transferred. 


The NPU’s buffer management capability allows the CPU to 
dynamically update the Error Descriptor Address (EDA) 
register which indicates to the DMAC the address of the last 
— descriptor in the linked list. The buffer referenced by this last 
descriptor is not available to the DMAC. Each time the 
DMAC finishes with a buffer and proceeds to the attributes of 
the next buffer in the linked descriptor list, the EDA is 
automatically compared with the address of the new descrip- 
tor. If the addresses match, then DMA transfer ends. If the 
addresses do not match, the DMAC begins transfer to or from 
this buffer. No bus activity is required to make this determi- 
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Transmit Buffer Descriptor 


Buffer size is variable 


Data length field is programmed by the user 


During buffer switching, data length information 
iis written to the DMAC’s BCR. 


CPU programs the Status field value 


During buffer switching, DMAC reads the status 
field to determine if actions should be taken upon 
completion of transmission. If EOM bit is set, 
DMA notifies MSCI of end of frame. 


in multi-frame mode, if the EOT bit is set, 

the DMAC stops following data transfer. 

Otherwise, if data is available (CDA not equal to 
_ EDA), transmission continues. 


Table 1 - Differences between transmit and receive buffer descriptors 


nation. 


- Low overhead in buffer switching — the DMAC auto- 
matically performs housekeeping tasks during buffer switch- 
ing. No programmed intervention is required. 


-DMAC Control os a 


The following registers are used by the DMAC to o implement 
the Chained Block Transfer Mode. 


CPB: Chain Pointer Base specifies the four highest order bits 


of the descriptor’s address. Written only by the CPU. 


CDA: Current Descriptor Address specifies the lower 16 bits 
of the current descriptor’s 20 bit address. CPB provides the 
four highest bits. The CDA is initially programmed by the 


user, and is updated by the DMAC during buffer switching. 


EDA: Error Descriptor Address indicates the lower 16 bits 


of a descriptor’ s starting address. The descriptor identified in 
this register is the entry in the linked list following the last 
descriptor which is valid for DMAC use. The user can 
dynamically reprogram the EDA during MSCI - DMAC 
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Figure 4 - DMA descriptor Status Bytes 





operation which allows reuse of transmit or receive buffers. 


BCR: Byte Count Register is a 16-bit down counter. For 
transmitting, the BCR indicates the number of remaining data 
bytes to be transferred in the transmit buffer current being 
accessed. For receiving, the BCR represents the number of 
unused bytes remaining in the receive buffer. The initial value 
of BCR is obtained from the current descriptor. The BCR is 
updated by the DMAC and cannot be written by the user. 


BAR: Buffer Address Register specifies the address of data 
being transferred from or to the buffer. The initial value of 
BAR is obtained from the current descriptor. This register is 
updated by the DMAC, and cannot be written by the user. 


BFL: Receive Buffer Length specifies the fixed size of 
receive buffers. All receive buffers have the same size 
determined by the value programmed in the BFL. During 
buffer switching, the BFL is copied to the BCR. BFL is 
programmed by the user. 


DMA Buffer Descriptor Format 


Each buffer to be used by the DMAC for data transfer must be 
identified using a descriptor, which has a format as shown in 
Figure 3. Each descriptor contains 10 bytes of data. All 
descriptor information must be contained in the 64Kbyte 
space defined by the CPB (Chain Pointer Base), so up to 6,553 
descriptors may be defined. The components of a descriptor 
are described below: 


Chain Pointer: Two bytes providing link information. The 20- 
bit address of the next descriptor in the linked list is formed 
by combining these bits with the information in the CPB 
(Chain Pointer Base) as the four most significant bits. 
Buffer Pointer: Twenty bits which point to the start address 
of the buffer corresponding to this descriptor 


Data Length: The amount of data stored in the buffer. For 
transmits, this information is initialized by the user. For 
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receives, this information is written by the DMAC when the 
buffer is filled, and is determined by the BFL (Receive Buffer 
Length) and the BCR (Byte Count Register) value when 
reception into the buffer has completed. 


Status Byte: Status information on the buffer. The status byte 
differs for transmit and receive descriptors, as shown in Figure 
4, 


For transmit buffer descriptors, the status byte’s EOM and 
EOT bits are read by the DMAC during buffer switching. 
EOM = 1 notifies the DMAC that the corresponding buffer 
contains the end of a frame. The EOT bit is used only when 
the MSC1 is in multi-frame transmit mode. EOT = 1 indicates 
that the corresponding buffer contains the end of data to be 
transferred, and DMAC operation ends when this buffer has 
been transmitted. 


For receive buffer descriptors, the status byte is directly 
copied from the MSCI’s Frame Status register (MFST) upon 
the DMAC’s receipt of an EOM condition. When the DMAC 
receives the end of frame signal internally from the MSCTI, the 
DMAC will request the MSCI to dump the contents of its 
status register during buffer switching. If the buffer switching 
occurs in the middle of receiving a frame, the DMAC writes 
OOh to the descriptor’s status byte. 


Constructing a ring of descriptors for re-using buffers 


Since buffer descriptors are organized in a linked list, it is 
possible to form aring by programming the address of the first 
entry into the link field of the last entry. This would allow the 
DMAC toautomatically access the list of descriptors and their 
associated buffers in a ring configuration. This would allow 
re-use of buffers in memory. 


Because the DMAC compares the CDA and EDA in order to 


- determine when all buffers available to the DMAC have been 


accessed, there will always be at least one descriptor that 
references a buffer that is unavailable to the DMAC. There 
are two ways of dealing with this descriptor and buffer: 


1. This descriptor can be set up asa dummy. The last real 
descriptor in the link would point to this dummy descriptor, 
and the EDA would be programmed with the address of this 
descriptor. When the DMAC reaches this dummy entry in the 
linked list, the CDA would equal the EDA, and the DMA 
channel would stop. 


2. The EDA can be programmed to the address of this last 
descriptor at the start, then when the buffer associated with the 
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_ first descriptor has been accessed the EDA can be reprogram- 
med to the address of the first descriptor. The link pointer of 
the last desctiptor should point to the address of the first 
descriptor. The CPU could poll the DMAC’s CDA register to 
determine when buffer 1 transfer has completed (CDA will 
contain the address of buffer 2’s descriptor). Using this 
method of reprogramming the EDA allows buffers to be used 
in a ring configuration. 


An example using this ring configuration of receive buffers is 
shown in Figure 5. In this example, eight memory buffers are 
allocated for receiving data from the MSCI under DMA 
control. 


. Aprogram using thisring configuration of receive buffers was 
written to demonstrate the initialization of the NPU required 
to handle this type of receive operation. The code for this 
program is included in Appendix A. 


To simplify the hardware required to execute this program, 
the NPU MSCTI’s local loopback mode was selected to cause 
data placed in the MSCI’s transmit buffer to be looped back 
into the receive buffer. The data to be transmitted was 
initialized as a single frame contained in two separate buffers 
in memory. The transmit descriptor table was configured as 
a linked list containing the two entries for the buffers plus a 
‘dummy descriptor. 


The program initializes the MSCI for bit oriented communi- 


cations, then uses chained block transfer mode of the DMAC 


- to transmit a frame of data. This transmitted data is looped 
back into the MSCI receiver, where it is received using 
chained block transfer mode DMA. As each of the receive 
buffers are filled, the contents of the buffer is moved under 
program control to a new location in memory. 


This program was tested using the Hitachi 64180S ASE 
(Adaptive System Evaluator) Emulator. Correct operation of 
the program was determined by examining memory upon 
completion of the program to show that the transmitted data 
had been received and stored into memory. Examination of 
the DMAC registers also showed that DMA transfers had 
completed sucessfully. 


The sequence of events that occur in this program is described 
' below: 


Initialization by user program: 
- Transmit data buffers initialized 


- Transmit descriptor table for DMA initialized 
- Receive descriptor table for DMA initialized 


Application Note 


- MSCI initialized for bit oriented protocol, single fame 
transfer, local loopback mode 

- DMAC channel 0 initialized for receiving data into the 
receive buffers in chained block mode 

- DMAC channel 1 initialized for transmitting data from 
the transmit buffers using chained block transfer mode 

- DMAC channels, MSCI receiver and MSCI transmitter 
are enabled in that order 


Preparation for transmitting data 


Both DMAC channels prepare to transfer data between the 
MSCI and memory. For DMAC channel 1, the following 
occurs: 

- DMAC compares CDA1 and EDA1, and continues if not 
equal 

- DMAC reads information from the transmit descriptor 
pointed to by CDA1. The starting address information is 
stored in the DMAC’s Source Address Register (SAR). The - 
link address and status information are transferred to DMAC 
internal registers for future reference. 

- The DMAC loads the data length value from the descrip- 
tor into the BCR 

- DMAC responds to the MSCTI internal request to accept 
transmit data 


Transmitting data 


- DMAC transfers one by te of data from buffer to the MSCI 
transmitter | 

- DMAC decrements the BCR1 and increments the DAR1 

- Transfers continue until BCR1 = 0 

- When BCRI = 0, buffer switching is initiated 


Buffer switching during transmission 


- The link field information of the descriptor for the buffer 
just transferred (descriptor #1, buffer #1) is read from the 
internal working register and written to the CDA1 register. 

- The status field information of descriptor #1, which was 
placed in an internal working register prior to transmitting 
buffer #1’s data, is checked to determine if the EOM bit is set. 
If so, transfer ends. If this bit is not set, tasks continue. (If 


‘Multi-frame mode was selected, the status field would be 


checked for EOT bit set, and transmission would complete _ 
only if this bit was set). 

- This new CDAI1 value is compared with the value in | 
EDAI1. If they are not equal, the buffer referenced by the 
descriptor addressed by the CDA1 contains data that should 
be transmitted. (If CDA = EDA, DMA transfer stops) 

- The new descriptor’s link field is stored in the internal 
working register. The buffer pointer-stored in the descriptor 
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Initialization: 
CPB =0 
CDA = 4000h 
EDA = 8000h 


SECTION 





4120h ————> [EEE 


Link Field: pointer to starting address of next descriptor 





Figure 5 - Buffer Descriptors set up for continuous receipt of MSCI data 
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is loaded into the DMAC’s BAR 

- Data length field of the descriptor pointed to by the link 
field of descriptor #1 is loaded into the BCR. 

- Status field of this next descriptor is loaded into an 
internal working register. 

- Data transmission from buffer #2 begins. 


33 bus states are required to complete the buffer switching 
tasks when the switch occurs during the middle of a frame. 37 
States are required when the buffer switch occurs at the end of 
a frame. 


Preparation for receiving data 


For DMAC Channel 0 (DMA receive data), the following 
actions occur: 

- DMAC compares CDAO and EDAO, and continues if not 
equal 

- DMAC reads information from the receive descriptor 
pointed to by CDAO. The starting address information is 
stored in the DMAC’s Destination Address Register (DARO). 
The link address is transferred to a DMAC internal register for 
future reference. 
_ + The DMAC loads the data length value from BFLO into 
BCRO. 

- DMAC responds to the MSCTI internal request to receive 
data. 


Receiving data 


- DMAC transfers one byte of data from the MSCI receiver 
to the receive buffer 

- DMAC decrements BCRO and increments DARO — 

- Transfers continue until end of frame is detected or BCR1 
= 0, when buffer switching is initiated | 


Receive Buffer Switching 


- The number of bytes received into the buffer is written to 
the descriptor’s data length field. 

- If the end of the frame/packet was not received into this 
buffer, the DMAC writes 00h to the status field of the 
descriptor. If the end of the frame was received, the DMAC 
requests the MSCI to put its MFST value onto the internal data 
bus. This information is transferred by the DMAC to the 
descriptor’s status field. 

- The descriptor’ s link field information, which was placed 
into an internal working register when the descriptor was 
examined priorto receiving the data, is transferred tothe CDA 
register. 


- This new CDA value is compared with the value in the. 


EDA. If they are not equal, the buffer referenced by the 


descriptor addressed by the CDA is available to store receive 
data. (If CDA = EDA, DMA transfer stops) 

- The new descriptor’s link field is stored in the internal 
working register. The buffer pointer stored in the descriptor 
is loaded into the DMAC’s BAR. _— 

- The DMAC’s BFL value is copied to the BCR 

- Data reception into the new buffer begins 


34 states are required to perform these buffer switching tasks. 


Closing the loop 


After one or morereceive buffers have been filled by DMA 
transfers, the user program can begin processing the buffer 
data. When processing of first buffer’s data is complete, the 
user program can update the EDAO to point to the address of 
the next buffer's descriptor. The receive buffers will be filled 
sequentially, and when the eighth buffer is filled, its link 
address, which will be placed in CDAO, will point to the 
descriptor of the first buffer. Since EDA0 does not point to this 
first buffer’s descriptor, upon comparison CDAO will not 
equal EDAO so reception from the MSCI will continue and 
receive data will be transferred to this first buffer again, 
closing the loop. 


In this example program, the processing. performed on the 
received data is to move it from the receive buffer to another 
location in memory, where the entire frame will be assembled 
in contiguous bytes. Following enabling of the DMAC and the 


_MSCI, the user program polls the CDAO register to determine 


when the first buffer has been filled and the DMAC has 
switched to filling the second buffer. The user program 
detects that this has occurred when the CDAO register points 
to the second descriptor. The program continues this polling 
then moving for each receive buffer in the descriptor table. — 


Although eight receive buffers are available to the DMAC, a 


. total of ten buffers worth of data will be received to process 


the transmitted frame. To accomplish this, the first two 
receive buffers must be reused. Upon initialization, EDAO 
points to the descriptor for the eighth buffer. The DMAC will 
therefore stop receiving data when the eighth descriptor is 


_ reached, unless EDAO is reprogrammed. 


Once the first buffer has been filled and the data transferred, 
this buffer is available for reuse. At this point in the program, 
EDAO can be reprogrammed fo point to the address of the 
descriptor of the second buffer. When the second buffer has 
been filled and transferred, EDAO can safely be reprogram- 
med to point to the address of the descriptor of the third buffer. 
When this second buffer has been filled the second time and. 
buffer switching is initiated, the DMAC will detect that the 
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CDA = EDA, and transfer will stop. 
Questions and Answers 


The following paragraphs contain questions and answers 
pertaining to the use of the Chained Block Transfer Mode of 
DMA operation. 


How does the DMAC know that the next descriptor references 
a buffer that is available for transfer? 


During buffer switching, the current buffer's chain pointer 
becomes the new CDA. The DMAC compares this new CDA 
with the current EDA value. If they are equal, the end of the 
chain has been reached. If they are not equal, the new buffer 
is available for use by the DMAC. 


How does the user program know that a particular buffer has 
been used by the DMAC? 


The program can read the DMAC channel’s CDA. If, for 
instance, the CDA contains the starting address of the third 
descriptor in the linked list, the user can determine from this 
that: 

1. The DMAC is ready to access buffer #3 OR 

2. The DMAC is in the process of accessing buffer #3. 

In either case, the user can be certain that the DMAC is 
finished with buffers corresponding to the first and second 
descriptors in the list, and these buffers can be processed by 
the user program and then reused as DMAC data buffers. 
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How can the DMAC reclaim buffers written with data re- 
ceived in a bad frame? 


The MSCI can be programmed to cause an interrupt upon 
receipt of a bad frame, for instance by signalling a CRC error. 
In the service routine for this interrupt, the user program can 
determine which buffer contains the start of the bad frame 
detected. The program can then disable the DMA channel 
handling the receive, and reprogram the CDA with the start 
address of the descriptor referencing this buffer. Upon 
reenabling the DMA channel, new data will be written over 
the data of the bad frame. 


How can a frame be retransmitted? 


The user program can determine the start address of frames 
being transmitted from the transmit buffer descriptor table. If 
the need to retransmit a frame occurs, the DMAC can be 
disabled and the CDA register can be reprogrammed with the 
address of the descriptor corresponding to the buffer contain- 
ing the start of the frame to be retransmitted. When DMA is 
reenabled, transmission will start with the beginning of the 
frame. | 
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CPU *“64180.TBL” 


0000 
0000 HOF “INT8” 
DOI III III IOI GIGI III OIGIOIGI III IOI IOI III IOI IOI ICI I 
; TITLE: NPU DMA BUFFER MANAGEMENT DEMOSTRATION PROGRAM 
FH KKK KI KKK IKK KKK KKK HHI KKK KR EK IKK KKK KKK KICK KE KKK KKK KK 
: DEFSEG ROM, ABSOLUTE 
: SEG ROM 
3 
; DATA TO BE TRANSMITTED 
3000 ORG 3000H 
3000 030B465241 DFB . 03,0BH,”FRAME1 B1-BUFFER MANAGEMENT DEMOSTRATION PROGRAM”;50 BYTES 
3100 ORG 3100H 
3100 204652414D DFB “ FRAME] B2-ABCDEFGHIJKLMNOPORSTUVWXYZabcdefghi jklm” 750 BYTES 
RHR KKK KK RR KKK RK KR KK RK KKK RK KR KERR KKKKKKKKKKKKK KKK KK KK 
; TRANSMIT DESCRIPTOR SET UP 
PRR RK KKK KKK KKK KKK KK KKK KKK KEKE KKK KKK KEKE KK RE KKKKKKKEKE 
; TX BUFFER 1 
4000 ORG 4000H 
— 4000 1040 DWL 4010H ; STARTING ADDRRESS OF NEXT DESCRIPTOR = 4010H 
4002 0030 DWL 3000H ; LOWER 16 BIT OF TX BUFFER POINTER = 3000H 
4004 00 DFB 00 ; HIGHER 4 BIT OF 20 BIT TX BUFFER POINTER = 00 
“4005 00 DFB 0 ; RESERVED 
4006 3200 DWL 50 ; DATA LENGTH OF BLOCK 1 = 50 
4008 00 DFB 0 ; STATUS ===> NO EOM , NO EOT 
4009 00 DFB 0 3; RESERVED 
; TX BUFFER 2 
4010 ORG 4010H 
4010 2040 DWL 4020H ; STARTING ADDRRESS OF NEXT DESCRIPTOR = 4020H 
4012 0031 DWL 3100H ; LOWER 16 BIT OF TX BUFFER POINTER = 3100H 
4014 00 DFB 00 ; HIGHER 4 BIT OF 20 BIT TX BUFFER POINTER = 00 
4015 00 DFB 0 3 RESERVED | 
4016 3200 . DWL  ~—50 ; DATA LENGTH OF BLOCK 2 = 50 
4018 81 DFB 81H ; STATUS ===> EOM , EOT 
4019 00 ‘DFB 0. ; RESERVED 
; TX BUFFER 3 
4020 ORG 4020H ‘ 
4020 3040 '  DWL 4030H ; STARTING ADDRRESS OF NEXT DESCRIPTOR = 4030H 
4022 0032 DWL 3200H ; LOWER 16 BIT OF TX BUFFER POINTER = 3200H 
4024 00 DFB_ 00 ; HIGHER 4 BIT OF 20 BIT TX BUFFER POINTER = 00 
4025 00 DFB 0 ; RESERVED 
4026 3200 DWL 50 ' 3 DATA LENGTH OF BLOCK 3 = 50 
4028 80 DFB 80H ; STATUS ===> EOM , NO EOT (END OF FRAME 1) 
4029 00 DFB 0 ; RESERVED 
PKK RR KKK KKK KKK KEK KKK KKK RE KK ER KKK KKK KE KKK KK KKK KKKKE KER 
; RECEIEVE DESCRIPTOR SET UP 
PRK KERR KK KEK KKK EEK KKK KKK KEKE KEK K KKK KEKE KEK KK KE KKEKEKREKK 
; RX BUFFER 1 
4100 ORG 4100H 
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4100 1041 DWL 4110H ; STARTING ADDRRESS OF NEXT DESCRIPTOR = 4110H 
4102 0030 DWL 3000H ; LOWER 16 BIT OF RX BUFFER POINTER = 3000H 
4104 03 DFB 03 ; HIGHER 4 BIT OF 20 BIT RX BUFFER POINTER = 03 
4105 00 DFB 0 ; RESERVED 
4106 0000 DWL 0 + DATA LENGTH OF BLOCK 1 TO BE WRITTEN BY DMA 
4108 00 DFB 0 ; STATUS ===> TO BE WRITTEN BY DMA 
4109 00 DFB 0 : RESERVED 

: RX BUFFER 2 
4110 ORG 4110H 
4110 2041 DWL 4120H ; STARTING ADDRRESS OF NEXT DESCRIPTOR = 4120H 
4112 2030 DWL 3020H ; LOWER 16 BIT OF RX BUFFER POINTER = 3020H 
4114 03 DFB 03 ; HIGHER 4 BIT OF 20 BIT RX BUFFER POINTER = 03 
4115 00 DFB 0 ; RESERVED» 
4116 0000 DWL 0 ; DATA LENGTH OF BLOCK 1 TO BE WRITTEN BY DMA 

4118 00 DFB 0 ; STATUS ===> TO BE WRITTEN :Y DMA 
4119 00 DFB 0 : RESERVED 

; RX BUFFER 3 
4120 ORG 4120H | 
4120 3041 DWL 4130H ; STARTING ADDRRESS OF NEXT DESCRIPTOR = 4130H 
4122 4030 AL 3040H ; LOWER 16 BIT OF RX BUFFER POINTER = 3040H 

"4124 03 EB 03 ‘': HIGHER 4 BIT OF 2¢ ?IT RX BUFFER POINTER = 03 
4125 00 DFB 0 ; RESERVED | 
4126 0000 DWL 0 : DATA LENGTH OF BLUCK 1 TO BE WRITTEN BY DMA 
4128 00 DFB 0 ; STATUS ===> TO BE WRITTEN BY DMA 
4129 00 DFB 0 ; RESERVED 

; RX BUFFER 4 

4130 ORG 4130H 
4130 4041 DWL 41408 : STARTING ADDRESS OF NEXT DESCRIPTOR = 4140H 
4132 6030 DWL 3060H ; LOWER 16 BIT OF RX BUFFER POINTER = 3060H 
4134 03 DFB 03 : HIGHER 4 BIT OF 20 BIT RX BUFFER POINTER = 03 
4135 00 DFB 0 ; RESERVED 
4136 0000 DWL 0 ; DATA LENGTH OF BLOCK 1 TO BE WRITTEN BY DMA 
4138 00 DFB 0 ; STATUS ===> TO BE WRITTEN BY DMA 
4139 00 DFB 0 : RESERVED 

: RX BUFFER 5 

4140 ORG 4140H | 
4140 5041 DWL 4150H + STARTING ADDRRESS OF NEXT DESCRIPTOR = 4150H 
4142 8030 DWL 3080H '; LOWER 16 BIT OF RX BUFFER POINTER = 3080H 
4144 03 DFB 03 ; HIGHER 4 BIT OF 20 BIT RX BUFFER POINTER = 03 
4145 00 DFB 0 ; RESERVED 
4146 0000 DWL 0 ; DATA LENGTH OF BLOCK 1 TO BE WRITTEN BY DMA 
4148 00 DFB 0 : STATUS ===> TO BE WRITTEN BY DMA 
4149 00 DFB 0 ; RESERVED 

: RX BUFFER 6 

4150 ORG 4150H 
4150 6041 DWL 4160H : STARTING ADDRRESS OF NEXT DESCRIPTOR = 4160H 
4152 A030 DWL 30A0H ; LOWER 16 BIT OF RX BUFFER POINTER = 30A0H 
4154 03 DFB 6s. : HIGHER 4 BIT OF 20 BIT RX BUFFER POINTER = 03 
4155 00 oFB ; RESERVED | 
4156 0000 DWL ;)DATA LENGTH OF BLOCK 1 TO BE WRITTEN BY DMA 
4158 00 DFB ; STATUS ===> TO BE WRITTEN BY DMA 
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4159 00 DFB 0 ; RESERVED \ 

; RX BUFFER 7 
4160 | ORG 4160H 
4160 7041 DWL 4170H ; STARTING ADDRRESS OF NEXT DESCRIPTOR = 41708 
4162 C030 | DWL 30COH ; LOWER 16 BIT OF RX BUFFER POINTER = 30COH 
4164 03 DFB 03 ; HIGHER 4 BIT OF 20 BIT RX BUFFER POINTER = 03 
4165 00 DFB 0 ; RESERVED 
4166 0000 DWL 0 ; DATA LENGTH OF BLOCK 1 TO BE WRITTEN BY DMA 
4168 00 | DFB 0 ; STATUS ===> TO BE WRITTEN BY DMA 
4169 00 DFB 0 ; RESERVED 

; RX BUFFER 8 
4170 ORG 4170H 
4170 0041 DWL 4100H ; STARTING ADDRRESS OF NEXT DESCRIPTOR = 4100H 
4172 E030 DWL 30E0H : LOWER 16 BIT OF RX BUFFER POINTER = 30E0H 
4174 03 DFB 03 ; HIGHER 4 BIT OF 20 BIT RX BUFFER POINTER = 03 
4175 00 DFB ) ; RESERVED 
4176 0000 DWLSsté : DATA LENGTH OF BLOCK 1 TO BE WRITTEN BY DMA 
4178 00 DFB 0 ; STATUS ===> TO BE WRITTEN BY DMA 
4179 00 DFB O- ; RESERVED | 


PRR RAKE KEK KK ERK EK KE KEK IKK ERK KKK KKK KKK KKK KK KKK KKK KK 


7 CPU ROUTINE 


PR IRR KKK KK KAKA KKK RK RK RK KK E KK KKK KKK KK RK KEK KKK KEKE KEKE RK 


FOOO ORG OF O00H 
F000 RESET: 


BOI III III III IOI IOI IORI IK 


: MSCI TRANSMIT IN DMA SET UP 


RK IKK RIK KIRK KK IK IKK KKK KIER KIRK KKK RK KK KKK KR ERK KEK 


; TRANSMITTER AND RECEIEVER SET UP 


F000 3E21 LD A,21H 
FO02 ED392A OUTO (MCMD),A 3; CHANNEL RESET 
F005 3E87 LD A, 87H 
F007 ED392B OUTO (MMDO),A ¢ BIT-SYNC HDLC,AUTO ENABLE=0,CRC-CCITT=1 INITIALLY 
FOOA 3E00 ~ LD A, 00H 
FOOC ED392C OUTO (MMD1),A ; ADDRESS NOT CHECKED 
FOOF 3E03. LD A, 03H 
FOQ11 ED392D OUTO (MMD2),A ; FULL DUPLEX, NRZ CODE, LOCAL LPBK 
F014 3EB1 LD A, 0B1H 
F016 ED392E OUTO (MCTL),A ; DMA,FLAG AND IDLE, -RTSM=HIGH 
3; SPECIFIES FCS NO-LOAD 

FOQ19 3E43 LD A, 43H 
FO1B ED3933 OUTO (MRXS),A > RXCM FROM BRG 
FOLE 3E43 LD A, 43H | 
F020 ED3934 OUTO (MTXS),A 3; TXCM FROM BRG 
F023 3E80 LD A, 80H 
F025 ED3932 , OUTO (MTMC),A 3; SET TMC=128 —> BAUD RATE SELECTED=9. 6K 
F028 3E00 LD A, 000H 
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FO3C 
FO3E 
F041 
F043 


F046 
F048 
FO4B 
FO4D 


F050 
FO52 
FOSS 
FOS7 


FOSA 
FO5C 
FOSF 
FO61 


F064 
F066 


FO69 
FO6B 
FO6E 
F070 


F073 
FO75 
F078 
FOTA 


FO7D 
FOTF 
F082 
FO84 





“ceemare mmeneye ee are 


3E94 
ED3969 
3E00 
ED395D 


3E70 
ED3960 
3E41 
ED3961 


3E00 
ED395E 
3E41 
ED395F 


3E0A 
ED3962 
3E00 
ED3963 


3E80 
ED396C 


3E9C 
ED3981 
3E00 
ED3975 


3E20 
ED3978 
3E40 
ED3979 


3E00 
ED3976 
3E40 
ED3977 
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FO2A ED3926 OUTO (MIEO),A +: TXINT AND RXINT DISABLED 
_ F02D 3E83 LD A,83H 
FO2F ED3927 OUTO (MIE1),A | ; UNDERRUN,ABORT,IDLE DETECTION INTERRUPT ENABLED 
F032 3E32 LD  A,32H 
F034 ED392F OUTO (MSAO),A s SECONDARY STATION ADDRESS = 02H 
F037 3E7E LD A, 7EH : 
F039 £D3931 OUTO (MIDL),A ; SET FLAG PATTERN = 01111110 AS IDLE PATTERN 


PRR KKK KKKKK KKK KKK KKK KKK KKK KK EK KKK KKK KKK KK KKK KE KKK KR KE KKK 


; DMA CHANNEL O SET UP 


gE KKK KKK KKK KKK KKK KEK KEK KK KKK KKK KKK KKKKK KKK KK KKK 


LD 
OUTO 
LD 
OUTO 


LD 
OUTO 
LD 
OUTO 


LD. 
OUTO 
LD 

OUTO 


LD 
OUTO 
LD 
OUTO 


LD 
OUTO 


A, 94H 
(DMRAO) ,A 
A, 0 
(CPBO),A 


A, 10H 
(EDAOL),A 
A, 41H 
(EDAOH),A 


A, 00H 
(CDAOL),A 
A, 41H 
(CDAOH),A 


A,10 
(BUFLOL),A 
A, 0 
(BUFLOH) ,A 


A, 80H 
(DIRO),A 


(RECETEVER) 


7s 


DMA MODE. REGISTER A 
MSCI, CBSA, MSCI~>MEMORY, MULTI FRAME 


4 HIGHER BIT OF THE 20-BIT DESCRIPTOR ADDR 


4170H 
STARTING ADDR (LOW-ORDER 16 BITS) OF THE 
RX DESCRIPTOR 8 


4100H 
STARTING ADDR (LOW-ORDER 16 BITS) OF THE 
FIRST RX DESCRIPTOR 


ALLOWING ONLY 10 BYTES IN EACH RX BUFFER > 


EOT INTERRUPT ENABLED 


g RRR KEK KKK KEKE KEKE RE KK KK KEKE KEK KEK KKK KKK KKK KKK KKK KK KKK 


: DMA CHANNEL 1 SET UP 


pK KKK EK KKK KK KE KEKE KKK KKK KKK KKK KKK KK KKK KKK KKK KK EK KEKE 


LD 
OUTO 
LD 
OUTO 


LD 
OUTO 
LD 
OUTO 


LD 
OUTO 
LD 

OUTO 





rg per ee OE 


A, 09CH 
(DMRA1),A 
A, 0 
(CPB1),A 


A, 20H 
(EDA1L),A 
A, 40H 
(EDALH) ,A 


A, 00H 
(CDALL),A 
A, 40H 
(CDA1H),A 


(TRANSMITTER) 


” 
¢ 


. 
" 


=e 


DMA MODE REGISTER A 
MSCI, CHAINED, MEMORY->MSCI,MULTI FRAME 


4 HIGHER BIT OF THE 20-BIT DESCRIPTOR ADDR 


4020H 
STARTING ADDR (LOW-ORDER 16 BITS) OF THE 
DESCRIPTOR NEXT TO THE LAST TX BUFFER 


4000H 
STARTING ADDR (LOW-ORDER 16 BITS) OF THE 
FIRST DESCRIPTOR OF THE FIRST TX BUFFER 
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F087 3E80 LD A, 80H . 
F089 ED3984 OUTO (DIR1),A : EOT INTERRUPT ENABLED 





TO ENABLE DMA CHANNEL 0, 1 AND MSCI TX,RX 


=e =e @e 


FO8C 3E02 LD A, 02H 

FO8E ED3968 OUTO (DSRO),A ; DMA CHANNEL 0 ENABLE 
F091 3E02 LD A, 02H 

F093 ED3980 OUTO (DSR1),A ; DMA CHANNEL 1 ENABLE 
FO96 3E12 LD A,12H 

F098 ED392A OUTO (MCMD),A ; RX ENABLE 

FO9B 3E02 LD A,02H 

FO9D ED392A OUTO (MCMD),A ; TX ENABLE 


7 TEST CDA OF RECEIEVER 
; CHANGE EDA AFTER EACH BLOCK IS DONE 
7 RECONSTRRUCT DATA INTO ONE PIECE . 


FOAO 3530 LD A, 30H 
FOA2 ED3902 OuUTO (BBR) ,A ; BBR OF MMU SET AT 30 | 
FOAS BLK1: 
FOAS ED385E INO A, (CDAOL) : CHECK LOWER BYTE OF CDAO 
FOA8 FEOO CP 0 
FOAA 28F9 JR 2, BLK1 

: MOVE BLOCK1 
FOAC 210030 LD HL, 3000H 
FOAF 11003A LD DE, 3A00H 
FOB2 010A00 LD BC, 10 
FOB5 EDBO LDIR 
FOB7. BLK2: 
FOB7 ED38SE INO A, (CDAOL) : CHECK LOWER BYTE OF CDAO 
FOBA FE10 cP 10H 
FOBC 28F9 JR Z,BLK2 

; MOVE BLOCK2 
FOBE 212030 LD HL, 3020H 
FOC1 010A00 LD BC, 10 
FOC4 EDBO LDIR 

3 CALL PUTSCR 
; DFB ‘BLOCK2 MOVED’, 0 


; SET NEW EDA 


FOC6 3E10 LD A,10H : 
~FOC8 ED3960 OUTO (EDAOL),A ; NEW EDAO=4110H 

FOCB 3E41 LD A, 41H : buffer of descr at 4100h 
FOCD ED3961 OUTO (EDAOH),A ; «ready for reuse 

FODO BLK3: 

FODO ED385E INO A, (CDAOL) ; CHECK LOWER BYTE OF CDAO 
FOD3 FE20 CP 20H 

FODS 28F9 JR Z, BLK3 


; MOVE BLOCK3 
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FOD7 214030 LD HL, 3040H 
FODA 010A00 LD BC,10 
FODD EDBO LDIR 
FODF BLK4: 
; SET NEW EDA 
FODF 3E20 LD A, 20H ; 
FOE1 ED3960 OUTO (EDAOL),A ; NEW EDAO=4120H 
FOE4 3E41 LD A, 41H ; buffer of descr 4110h 
FOE6 ED3961 OUTO (EDAOH),A 7; can be reused 
FOE9 ED385E INO A, (CDAOL) ; CHECK LOWER BYTE OF CDAO 
FOEC FE30 CP 30H 
FOEE 28EF JR Z, BLK4 
; MOVE BLOCK4 
FOFO 216030 LD HL, 3060H 
FOF3 010A00 LD BC, 10 
FOF6 EDBO LDIR 
FOFS8 BLKS: 
7; SET NEW EDA 
FOF8 3E30 LD A,30H ; 
FOFA ED3960 OUTO (EDAOL),A ; NEW EDAO=4130H 
FOFD 3E41 LD A, 41H > buffer of descr 4120h 
FOFF ED3961 OUTO (EDAOH),A 3; can now be reused 
F102 ED385E INO A, (CDAOL) ; CHECK LOWER BYTE OF CDAO 
F105 FE40 CP 40H 
F107 28EF JR Z,BLKS 
7; MOVE BLOCKS 
F109 218030 LD HL, 3080H 
F10C 010A00 LD BC,10 
F10F EDBO LDIR 
F1il BLK6: 
F111 ED385E INO A, (CDAOL) ; CHECK LOWER BYTE OF CDAO 
F114 FES50 CP 50H 
F116 28F9 JR Z, BLK6 
; MOVE BLOCK6 
F118 21A030 LD HL, 30A0H 
F11B 010A00 LD BC,10 
F11E EDBO LDIR 
F120 BLK7: 
F120 ED385E INO A, (CDAOL) ; CHECK LOWER BYTE OF CDAO 
F123 FE60 CP 60H ‘ 
F125 28F9 JR Z,BLK7 
. ; MOVE BLOCK7 
F127 21C030 LD HL, 30COH 
F12A 010A00 LD BC,10 
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F12D EDBO 


F12F 
F12F 
F132 
F134 


ED385E 
FE70 
28F9 


F136 
F139 
F13¢C 


21E030 
010A00 
EDBO 


F13E 
F13E 
F141 
F143 


ED385E 
FEOO 
28F9 


F145 
F148 
F14B 


210030 
010A00 
EDBOQ 


F14D 
F14D 
F150 
F152 


ED385E 
FE10 
28F9 


F154 
F157 
F1SA 


212030 
010A00 
EDBO 


F15c 
F15C 
F15E 


3E00 
ED3902 


F161 


F161 C361F1 


0000 = 
0001 = 
0002 = 
0003 = 
0004 = 
0005 = 


0020 = 


0021 = 
0022 = 


Section 


LDIR 


BLK8: 


BLK9: 


BLK10: 


BLK11: 
LD 
OUTO 


A, (CDAOL) 
70H 
Z,BLK8 


HL, 30E0OH 
BC,10 


A, (CDAOL) 
OOH 
Z, BLK9 


HL, 3000H 
BC,10 


A, (CDAOL) 
10H 
Z,BLK10 


HL, 3020H 
BC,10 


A, OH 
(BBR) , A 
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; CHECK LOWER BYTE OF CDAO 


; CHECK LOWER BYTE OF CDAQ 


; CHECK LOWER BYTE OF CDAO 


; BBR OF MMU SET AT 0 


; loop here when done 


; NPU EV BOARD IO ASSIGNMENT 


; npu io address assignments 10-11-88 06:23:00 
ICR: EQU 000H ; INTERRUPT CONTROL REG 
CBR: EQU 001H ; MMU COMMON BASE REG 

BBR: EQU 002H ; MMU BANK BASE REG 

CBAR: EQU 003H ; MMU COMMON/BANK AREA REG 
OMCR: EQU 004H ; OPERATION MODE CTRL REG 
IOCR: EQU 005H ; I/O CTRL REG 

MTRB: EQU 020H ; MSCI TX/RX BUFFER REG 
MSTO: EQU 021H ; MSCI STATUS REG 0 

MST1: EQU 022H ; MSCI STATUS REG 1 
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0023 = MST2: EQU 023H ; MSCI STATUS REG 2 
0024 = MST3: EQU 024H ; MSCI STATUS REG 3 
0025 = MFST: EQU 025H ; MSCI FRAME STATUS REG 
0026 = MIEO: EQU 026H ; MSCI INTERRUPT ENABLE REG 0 
0027 = MIE1: EQU 027H ; MSCI INTERRUPT ENABLE REG 1 

; 
0028 = MIE2: EQU 028H ; MSCI INTERRUPT ENABLE REG 2 
0029 = MFEI: EQU 029H ; MSCI FRAME INTERRUPT ENABLE REG 
002A = MCMD : EQU O2AH ; MSCI COMMAND REG 
002B = MMDO: EQU 02BH ; MSCI MODE REG 0 
002C = MMD1: EQU 02CH ; MSCI MODE REG 1 
002D = MMD2: EQU 02DH ; MSCI MODE REG 2 
002E = MCTL: EQU 02EH ; MSCI CONTROL REG 
002F = MSAO: EQU 02FH : MSCI SYNCHRONOUS ADDRESS REG 0 
0030 = MSA1: EQU 030H ; MSCI SYNCHRONOUS ADDRESS REG 1 
0031 = MIDL: EQU 031H ; MSCI IDLE PATTERN REG 
0032 = MTMC: EQU 032H ; MSCI TIME CONSTANT REG 
0033 = MRXS: EQU 033H ; MSCI RX CLOCK SOURCE REG 
0034 = MTXS: EQU 034H ; MSCI TX CLOCK SOURCE REG 
0058 = DAROL:  EQU 058H ; DESTINATION ADDRESS REG CH 0 LOW 
0058 = BAROL: EQU 058H ; BUFFER ADDRESS REG CH 0 LOW 
0059 = DAROH: EQU 059H ; DESTINATION ADDRESS REG CH 0 HI 
0059 = BAROH: EQU 059H ; BUFFER ADDRESS REG CH 0 HI 
005A = DAROB: EQU OSAH ; DESTINATION ADDRESS REG CH 0 BANK 
OOSA = BAROB: EQU OSAH ; BUFFER ADDRESS REG CH 0 BANK 
005B = SAROL: EQU O5BH ; SOURCE ADDRESS REG CH 0 LOW 
005B =: DRWROL: EQU O5BH ; DESCRIPTOR READ/WRITE REG CH 0 LOW 
005c = SAROH:  EQU OSCH ; SOURCE ADDRESS REG CH 0 HI 
005C = DRWROH: EQU O5CH ; DESCRIPTOR READ/WRITE REG CH. 0 HI 
O05D = SAROB:  EQU O5DH 3 SOURCE ADDRESS REG CH 0 BANK 
005D = CPBO: EOU OS5DH ; CHAIN POINTER BASE CH 0 
005E = CDAOL: EQU OSEH ; ACCESS DESCRIPTOR ADDRESS REG CH 0 LOW 
OO5F = CDAOH:  EQU OSFH : ACCESS DESCRIPTOR ADDRESS REG CH 0 HI 
0060 = EDAOL: EQU 060H : ERROR DESCRIPTOR ADDRESS REG CH 0 LOW 
0061 = EDAOH: EQU 061H ; ERROR DESCRIPTOR ADDRESS REG CH 0 HI 
0062 = BUFLOL: EQU 062H : RX BUFFER LENGTH CH 0 LOW 
0063 = BUFLOH: EQU 063H ; RX BUFFER LENGTH CH 0 HI 
0064 = BCROL: EQU 064H ; BYTE COUNT REG CH 0 LOW 
0065 = BCROH: EQU 065H ; BYTE COUNT REG CH 0 HI 

; 
0068 = DSRO: EQU 068H ; DMA STATUS REG CH 0 
0069 = DMRAO:  EQU 069H ; DMA MODE REG A CH 0 
OO6A = DMRBO: EQU O6AH ; DMA MODE REG B CH 0 
006B = ICNTO: EQU 06BH ; FRAME END INTERRUPT COUNTER CH 0 
006C = : DIRO: EQU 06CH ; DMA INTERRUPT ENABLE REG CH 0 
006D = DCRO: EQU O6DH ; DMA COMMAND REG CH 0 

i? 

0070 = DAR1IL: EQU 070H ; DESTINATION ADDRESS REG CH 1 LOW 
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0070 
0071 
0071 
0072 = 
0072 = 
0073 = 
0073 = 
0074 = 
0074 = 
0075 = 
0075 = 
0076 = 
0077 = 


0078 
0079 
OO7A 
007B 
O07C = 
007D 


il 


0080 = 
0081 = 
0082 = 
0083 = 
0084 
0085 


FFFF = 
0005 = 
OOFE = 
000D = 
OO0OA = 
0011 = 
0013 = 
0003 = 
0017 = 
0000 


Section 
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BARIL: EQU 070H : 
DAR1H: EQU 071H ; 
BAR1H: EQU 07148 . 
DAR1B: EQU 072H : 
BARIB: EQU 072H : 
SARLL: EQU 073H : 
DRWRIL: EQU 073H : 
SAR1H: EQU 074H : 
DRWR1iH: EQU 074H : 
SARIB: EQU 075H : 
CPB1: EQU 075H : 
CDA1L: EQU 076H ; 
CDA1H: EQU 077H ' 
EDAI1L: EQU 078H : 
EDAI1H: EQU 079H ; 
BUFLIL: EQU 07AH ; 
BUFL1H: EQU 07BH : 
_BCRIL: EQU 07CH ; 
BCR1H: EQU 07DH ; 
DSR1: EQU 080H : 
DMRA1 : EQU 081H ; 
DMRB1: EQU 082H : 
ICNT1: EQU 083H : 
DIR1:, EQU 084H : 
DCR1: EQU 085H : 
; DEFINITIONS 
, 
USRSP: EQU OFFFFH 
PUTSCR: EQU 5 
INTV: EQU OFEH 
CR: EQU ODH 
LF: EQU OAH 
XON: EQU 11H 
XOFF: EQU 13H 
EOT: EQU 03H 
EOB: EQU 17H 

END 


BUFFER ADDRESS REG CH 1 LOW 
DESTINATION ADDRESS REG CH 1 HI 
BUFFER ADDRESS REG CH 1 HI 
DESTINATION ADDRESS REG CH 1 BANK 
BUFFER ADDRESS REG CH 1 BANK 
SOURCE ADDRESS REG CH 1 LOW 
DESCRIPTOR READ/WRITE REG CH 1 LOW 
SOURCE ADDRESS REG CH 1 HI 
DESCRIPTOR READ/WRITE REG CH 1 HI 
SOURCE ADDRESS REG CH 1 BANK 
CHAIN POINTER BASE CH 1 


ACCESS DESCRIPTOR ADDRESS REG CH 1 LOW 


ACCESS DESCRIPTOR ADDRESS REG CH 1 HI 


ERROR DESCRIPTOR ADDRESS REG CH 1 LOW 
ERROR DESCRIPTOR ADDRESS REG CH 1 HI 
RX BUFFER LENGTH CH 1, LOW 

RX BUFFER LENGTH CH 1 HI 

BYTE COUNT REG CH 1 LOW 

BYTE COUNT REG CH 1 HI 


DMA STATUS REG CH 1 

DMA MODE REG A CH 1 

DMA MODE REG B CH 1 

FRAME END INTERRUPT COUNTER CH 1 
DMA INTERRUPT ENABLE REG CH i 
DMA COMMAND REG CH 1 





HITACHI | 


Hitachi America, Ltd. San Francisco Center 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 


HD64180 Family 


Application Note 


Memory Read and Write Timing 


This note provides designers of HD64 180-family device based 
systems with CPU timing information for Memory Read/Write 
cycles. 


This timing differs from Opcode Fetch cycle in that for 
Memory Read cycles, read data is latched on the falling edge 
of T3. For Opcode Fetch, data is latched on the rising edge of 


T3. Opcode Fetch and I/O cycle timing diagrams are shown . 


in the 64180 family data books. 


“LY 


D0 - 07 
(read) 


. z= 
| Dono 


DO- DZ 





- November, 1989 


Marnie Mar 

Revision B 

Although the timing parameters shown an the following pages 

are contained in thedata books, a timing diagram showing their 
relation to the system clock is not included. 


Please refer to the following data books for more information 


_on these timing parameters. 


* HD64180 8-Bit Microprocessor Hardware Manual (#U77) 
(HD64180R0, HD64180R1, and HD64180Z) 
*HD647180X 8-Bit Microcontroller Hardware Manual (#U94) 


aay ae 
(write) | 


CPU Memory Read/Write Timing 
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D64180 Family 2 | . Application Note 


HD64180R0 AC Characteristics _ 
Vcc = 5V +/- 10%, V., = 0 V, Ta= -20 to +75°C 








HD64A180R0 
7 | (4MHz) (6MHz) 

# Symbol item | Min Max Min Max 

1 ti Address Delay Time’ - 110 - 105 nS 
2 Van, ME Delay Time 1 . 85 - 75 nS 
3 tas Address Set-up Time” 45 . 10 - ns 

4 | ME Delay Time 2 - 85 - 75 nS 
5 tas Address Hold Time 80 - 35 - ns 
6 tens Enable Delay Time 1 - 100 . 95 nS 
7 tine Enable Delay Time 2 -. 100 ° 95 nS 
8 Loni RD Delay Time 1 . 85 . 75 nS 
9 tee RD Delay Time 2 : 85 . 75 nS 
10 tons Data Read Set-up Time 50 - 45 - ngs 
1 tony .-—«-: Data Read Hold Time 0 - 0 - as 
12 cio WR Delay Time 1 - 90 7 80 nS 

13 twro2 WR Delay Time 2 : 90 . 80 nS 
‘ 14 twoo Write Data Delay Time : 110 . 90 nS 

15 twos Write Data Set-up Time 60 . 40 - ns 
16 tap WR Pulse Width | 220 - 135 - as 
17 ne Write Data Hold Time 60 . 40 - as 


18 twoz Write Data Floating - 100 . 95 nS 
Delay Time , 


- * See data book for additional information on these items 


HD 64180R1 AC Characteristics 
Voc = 5V #/- 10%, Veg = 0 V, Tam -20 to +75°C 





# Symbol liem | Mic =Max Min Max Min Max Min Max 
1 tie Address Delay Time - 110 : 90 - 80 - 70 nS 
2 ten ME Delay Time 1 : 85 . 60 : SO 0 + 50 nS 
3 ts Address Set-up Time 50 : 30 - 20 : 10 - ns 
4 leis ME Delay Time 2 . 85 : 60 : 50 . 50 nS 
5 tan Address Hold Time 80 - 35 - 20 . 10 - ngs 
6 ten: Enable Delay Time 1 , 100 : 95 - 70 . 60 nS 
7 lane Enable Delay Time 2 : 100 . 95 - 70 . 60 nS 
8 tapos RD Delay Time 1 - 85 : 60 : 50 . 50 nS 
9 tenne RD Delay Time 2 - 85 . 60 . 50 : 50 nS 
10 tons Data Read Set-up Time 50 - 40 ° 30 - 25 - ns 
11 toni Data Read Hold Time 0 - Q- - 0 - 0 - ngs 
12 two: WR Delay Time 1 ; 90 . 65 . 60 : 50 nS 
13 lwaoo 44 WR Delay Time 2 ° 90 > 80 ° 60 . 50 nS 
14 twoo Write Data Delay Time - 110 - 90 . 80 . 60 nS 
15 twos Write Data Set-up Time 60 . 40 ; 20 - 15 + nS 
16 twp WR Pulse Width —28000— + 170 - 130 . 110 2- «nS 
17 ton Write Data Hold Time 60 - 40 : 15 - 10 - ns 
18 twoz Write Data Floating : 100 ; 95 - 70 : 60 nS 
Delay Time 
* - Preliminary Specification 
Section | HITACHI 
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HD64180Z AC Characteristics 
Voc = 5V +/- 10%, V,, = 0 V, Tam -20 to +75°C 





it Symbol item Min Max Min Max Min Max Min Max 

1 1 Address Delay Time : 110 - 90 . 80 ° 70 nS 

2 ts ME Delay Time 1 - 85 - 60 - 50 - 50 nS 

3 Le Address Set-up Time 50 : 30 - 20 : 10 - ns 

4 trepe ME Delay Time 2 : 85 : 60 - 50 : 50 nS 

5 ti Address Hold Time 80 : 35 - 20 : 10 - ns 

6 tens Enable Delay Time 1 - 100 : 95 ° 70 - 60 nS 

7 tine Enable Delay Time 2 - 100 . 95 ° 70 - 60 nS 

8 ae RD Delay Time 1 lOC=1 - 85 - 60 : 50 - 50 nS 
\OC=20 - 85 - 65 . 60 - 55 nS 

9 bes RD Delay Time 2 - 85 - 60 : 50 - ~50nS Z 

10 tons Data Read Set-up Time 50 - 40 ° 30 ° 25 - aS fF 

11 to Data Read Hold Time 0 . 0 - 0 - 0 - ns Q 

12 twao, WR Delay Time 1 . 90 - 65 . 60 . sons 

13 tape WR Delay Time 2 - 90 - 80 : 60 . 50 nS 

14 ae Write Data Delay Time - 110 ° 90 - 80 ° 60 nS 

15 twos Write Data Set-up Time 60 - 40 - 20 ° 15 - as 

16 tee WR Pulse Width 280 : 170 = 130 - 110 - ngs 

17 ene Write Data Hold Time 60 : 40 ° 15 ° 10 - ngs 

18 twoz Write Data Floating - 100 - 95 ° 70 . 60 nS. 

Delay Time | 


* Preliminary Specification 


HDO647180X AC Characteristics 
Vee = 5V +/- 10%, V., = 0 V, Ta= -20 to +75°C 





£ Symbol item Min Max Min Max Min Max 

1 ten Address Delay Time : 110 : 90 ° 80 nS 
2 tes ME Delay Time 1 : 85 . 60 . 50 nS 
3 tas Address Set-up Time 50 - 30 - 20 - ns 
4 Lone ME Delay Time 2 - 85 . 60 . 50 nS 
5 to Address Hold Time 80 - 35 ° 20 - nS 
6 len, Enable Delay Time 1 : 100 - 95 . 70 nS 
7 tene Enable Delay Time 2 : 100 - 95 : 70 nS 
8 teoos RD Delay Time 1 1OC=1 : 85 - 60 : 50 nS 

7 1OC=0 : 85 : 65 : 60 nS _— 
9 tanne RD Delay Time 2 - 85 - 60 ° 50 nS 
10 tone Data Read Set-up Time 50 - 40 - 30 - as 
11 tone Data Read Hold Time 0 ° 0 - 0 - nS 
12 Te WR Delay Time 1 . 90 - 65 ° 60 nS 
13 twaoe - WR Delay Time 2 : 90 . 80 . 60 nS 
14 ee Write Data Delay Time ° : 110 . 90 . 80 nS 
15 twos Write Data Set-up Time 60 : 40 . 20 - AS 
16 tae WR Pulse Width 280 : 170 ° 130 - nS 
17 tis Write Data Hold Time 60 : 40 ° 1§ - aS 
18 twoz . Write Data Floating - 100 - 95 : 70 nS 
Delay Time 
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HD64180 Family 


Application Note | 7 
Task Switching Using the 64180 MMU | . dee 





Introduction 


Hitachi’s HD64180 family of devices combine a wealth of on- 
chip I/O features with a Memory Management Unit (MMU) 
~ which allows access to 512K or 1Mbyte of memory 64Kbytes 
at a time. The MMU features can be used to demonstrate a 
‘method of switching between multiple tasks residing in 
different areas of physical memory. 


This task switching method is examined here in a program — 
which bases the requests for task switches on events caused by 
on-chip peripherals. The HD64180 family features used by 
this program are also described, and flow charts for each task 
and the final coded program are also presented. 


SECTION 





Some familiarity with the HD64180 devices is assumed. For 
further information, please refer the HD64180 Microproces- 
sor Hardware Manual, the HD647180X Microcontroller 
’ Hardware Manual, and the HD64180 Software Manual. | 


HD64180 Family Devices 


The HD64180 features highlighted in this note are available 

on the HD64180R 1, HD64180Z and HD647180X members of 
the family, and the code example shown will run on any of 
these devices. References to the HD64180 throughout this 
article refer to any of these three devices. 


Thanks to the high integration of these devices, execution of 
the code written for this note depends mainly on on-chip 

features. Because of this, the code presented here will run on 

many systems based on these devices. A HD64180R1-based 

single board computer was used to test this example code. 

This board computer consists of the HD64180R1 interfaced to 

64K of EPROM in physical locations Oh - FFFFh, 64K of 
SRAM in locations 10000h - 1 FFFFh, and RS232 drivers and 
receivers connected for ASCI port 1 communications. A 
switch was connected to the HD64180’s /IRQ1 input to allow. 
simulation of external events. 
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CBAR: F4h, 


(Task Code) 


Yommon Area 0 


Logical Memory Space 


Application Note 


i 


1F800h 
eal 
1FAOO 


OoCOO0Oh | Task C code 


Task A code 
O3FFFh 
Main Program and 
Interrupt Vectors 


08000h 


00000h 


Physical Memory Space | 


MMU Memory Mapping 


Application: Time Control Using the HD64180 


The features of the HD64180 are used in this application to 
perform the following tasks: 


- control an elapsed time clock in memory 

- display the elapsed time on a display device (terminal) 
connected to ASCI port 1, using the DMAC to transfer the 
time information to the ASCI | 

- acknowledge the occurrence of an external event by 
incrementing a count of the number of external events and 
recording the time of the last occurrence 

- display external event occurrence information to the 
display device | 

- accept and service interrupts based on these events 


These tasks are performed in response to requests made to the 
HD64180CPU by external and internal events. Three of these 
events (Programmable Reload Timer (PRT) channel 0 and 
PRT channel 1 count match, and external interrupt level 1) 
cause interrupts to occur, which are handled by the on-chip 
interrupt controller. The HD64180 polls for the fourth event, 
which is the receipt of.a character by the SCI (RXRDY flag 
get). 
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In order to demonstrate the HD64180’s ability to handle task 
switching using the MMU, each of the interrupt driven tasks 
is assigned to a different area of physical memory. Task 
switching is handled by reprogramming the MMU to access 
the area of memory where the task handler exists. 


Memory Management 


The HD64180 Memory Management Unit (MMU) allows 
access to 1Mbyte of address space or 512Kbyte of address 
space (for HD64180R1 DIP package, due to pin limitation). — 
To maintain compatibility with Z80-type devices, at any point 
in time the device has access to 64Kbytes of memory. These 
64Kbytes are addressed directly as a contiguous block of 
logical memory. 


This logical memory actually maps into up to three different 
portions of physical memory. This mapping of logical 
addresses to physical addresses is accomplished using the 
three registers related to the MMU: the Common/Bank Area 
Register (CBAR), the Common Base Register (CBR), and the 
Bank Base Register (BBR). | 
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Task A Code Execution Start Address: - 


BBR: 04h 
Logical Addresses: + 


00000100 


0100000000000000 


HD64180 Family 


(4000h, logical base of code) 


Physical Addresses: 00001000000000000000 =8000h 


Task A Data Storage Start Address: 
CBR: 10h 00010000 
Logical Addresses: + 


Physical Addresses: 


1111000000000000 


00011111000000000000 


(FOOOh, logical base of data) 


= 1F000h 


64180 Family MMU Logical to Physical Address Calculation 


These registers divide the logical address space into up to 
three areas, referred to as Common Area 0, Common Area 1, 
and Bank Area. The starting logical and physical address of 
Common Area 0 is always location 0000h. The starting 
logical addresses of Bank Area and Common Area 1 are 
specified by the CBAR. The physical starting address of 
Common Area 1 and the Bank Area are specified using the 
CBR and BBR, respectively. 


Keep in mind that the actual physical starting address of the 
Bank Area and Common Area 1 is not determined solely from 
the CBR and BBR. These registers specify an eight-bit value 
thatis added to most significant four bits of the logical address 
to provide the most significant 8 bits of the physical address. 
See the MMU Memory Mapping figure shown above. 


180’s features can be used to trigger task servicing 


The HD64180's on-chip peripheral features provide the capa- 
bilities required to carry out this application. The two 
channels of programmable reload timer are each capable of 
counting down from a programmed value, and generating an 
interrupt when a count of zero is reached. 





PRTO is programmed to count down every .01 second. The | 


interrupt service routine requested when PRTO's countdown 
interrupt occurs increments the elapsed time clock stored in 
memory. 


PRT1 is used by this application to trigger the display of the 
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elapsed time stored in memory. PRT 1 is programmed to cause 
an interrupt every tenth of a second. Service of this interrupt 
involves initializing and initiating DMAC channel 1, which is 
used to display the elapsed time. | 


The full duplex ASCI channel serves two purposes for this 
application. The transmitter portion is used to transfer elapsed 
time (using the DMAC, as mentioned above) and external 
event information to the terminal screen. The RDRF bit of the 
receiv er, set when data is received, can be used to initiate a 
task (display of event data) whenever a key press occurs on a 
terminal connecter to the ASCI port. 


Interrupt Handling 


The HD64180’s interrupt controller handles interrupts from 
four external sources and eight internal souces. These inter- 
rupts are maskable (except for the Non Maskable Interrupt, 
NMI, and the Undefined Op-code Trap, TRAP), and are 
prioritized with fixed priority. Upon receiving and accepting 
an interrupt, the controller in most cases determines the 
location of an interrupt service routine using a vector table that 
is programmably located in memory. 


Two other modes of vector generation are available with 
external interrupt 0 (INTO), one fetches vector information 
from the bus, the other vectors directly to a fixed location. 


The HD64180 prioritizes interrupts using fixed priority lev- 
els. The priorities of the interrupts used for this program are 
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(from highest to lowest): \IRQ1, PRTO countdown, followed 
by PRT1 countdown. Note that for correct operation, PRTO 
interrupt must always be accepted in order to maintain the 
elapsed time. 


Program Design Notes 
CPU Activity During Program Operation 


Once the CPU and on-chip peripherals are initialized for this 
application, no further activity need be undertaken until an 
event (PRT time-out, external interrupt, receiver data ready) 
occurs. Since all these events can generate an interrupt to the 
CPU, the HD64180 could be placed in a sleep mode, to be 
awakened when an interrupt occurs. 

Another option is to have the CPU poll for one of the events 
following initialization. This method was selected, and the 
least important task, in this case, reporting external event 
information, was chosen to be the task request polled. The 
remainder of the tasks interrupt this task whenever the event 
triggering them occurs. 


Memory Configuration Considerations 
The physical hardware to be used must be considered in 


designing the program. Since the program is to be placed in 
EPROM, data areas that are modified by the program must be 


_ singled out and placed in RAM. These data areas must also 


be initialized by the program to bring them to a known state. 


Additionally, the program’s use of logical and physical — 
memory must be determined. Program initialization and the 
polling loop were selected for execution out of common area 
1. Note that although this area starts at logical and physical 
address 0000h, the starting address of program code in this 
area must be selected carefully. The HD64180 expects areset 
vector to be located at physical address 0000h, and the 
interrupt vector table may also be located starting in this area, 
depending on the programmed values for the IL (Interrupt 
vector Low) register. 


The bank area was selected for execution of the tasks. 
Logically, this was set to 4000h. The MMU is reprogrammed 
by the task switcher to access each of the different tasks at this 
location, so the physical address of each task differs. 


Finally, Common Area 1 was selected for use as the data areas 
accessed by the different tasks. Since only a small amount of 
data area is required, this logical area is programmed to Start 
at FQOOh. This logical address space maps to physical 
addresses in RAM for this program. 
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The program to carry out the tasks outlined above was written 
in sections. The main program, to execute out of Common 
Area 0, consists of initialization of the HD64180 core and the 
on-chip peripherals functions to be used, and initialization of 
the RAM areas to be used for display data and the elapsed time 
clock. Following initialization, this main program enters a 


routine that continually checks for a keystroke on the terminal — 


keyboard, which is signalled by the RXD bit of the serial 
channel 1 being set to 1. 


The second section of code performs task switching, and is 


entered each time one of the enabled interrupts occurred. This © 


section reprograms the MMU and preserves register contents 
prior to initiating the execution of interrupt service routines. 
This section also handles return from exception, by restoring 
register contents. 


The other code sections perform the different tasks signalled 
for by interrupts. Task A increments the clock every .01 
second. Task B counts the PRT1 interrupts requested and 
initializes the DMAC and enables the DMAC on the appropri- 
ate counts. 


Execution of Task C results from an external event indicated 
by interrupt \IRQ1 going active. Task C increments a count 
of external events, and record the current value of the elapsed 
time clock. 


The resulting program is shown in the Appendix. 
Initialization 


At power-on, the HD64180 control registers take on default 
values that allow the device to operate according to default 
conditions. If deviation from these defaults is desired, the 
individual registers must be programmed with new initializa- 
tion values. The stack pointer must be programmed to a valid 
address for stack operations to be performed correctly. 


For this program, the MMU control registers were pro-_ 


_ grammed to divide the logical space into three areas, access- 
ing three different sections of physical memory. Since 
-SRAMs were used, the refresh capability of HD64180 was 
turned off by writing to the Refresh Control Register (RCR). 


The Interrupt Vector Table and I/O Registers are relocatable 
by programming their associated control registers. The 
Interrupt Vector Table was located at 20H by programming 
the IL register, so that the reset vector located at OOH would 
not overlay the vector entry for [NT1. Note that the interrupt 
vector table was initialized in EPROM using the capabilities 
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of the assembler. 


For this program, the default reset value for the I/O Registers 
base address was taken. Similarly, the Operation Mode 
Control Register (OMCR) available in the HD64180Z and 
HD647180X was not reprogrammed from its’ default value. 


On-chip Peripheral Initialization 


ASCI channel 1 and the PRT channels are initialized by 
writing the appropriate values into the associated control 
registers. PRTO is programmed for a count based on the CPU 
clock and a start count and a reload count of h’1200, which 
results in an interrupt once every .01 seconds witha CPU clock 
of 9.216 MHz. During service of this interrupt, the elapsed 
time clock is updated. 


Note that DMAC channel 0 must be used in order to cause 
DMA transfer to or from the on-chip serial channel. This 
channel is connected to the serial channels internally, allow- 
ing these transfers to occur. For this transfer to operate 


correctly, DMA channel 0 must be used, bits 0-2 of the DMA 


Destination Address Register DAROB must be programmed 
for the. correct destination, and the channel must be pro- 
grammed to respond to edge-sense requests using the DMS 
(DMA request Sense) bits of the DMA/WAIT Control Regis- 
ter (DCNTL). 


Values for ASCI baud rate (in CNTRLB1) and PRT data and 
reload registers were determined based on the CPU clock 
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input crystal frequency of 9.216MHz. 

Interrupt Enable 

Once the HD64180 has been initialized for operation, inter- 
rupts can be enabled, and the main task can be initiated. 


Enabling interrupts is a two level process. 


First, individual bits in control registers must be set to enable 


interrupts. For the PRT channels, the Timer Interrupt Enable — 


(TIE) bits of the Timer Con:: ' Register (TCR) must be set. 
At the same time, the Timer countdown can be started by 
setting the Timer Down Count Enable (TDE) bits. To enable 
INT1 and disable INTO, which is enabled at reset, the appro- 
priate bits of the ITC must be programmed. 


Second, the Interrupt Enable Flags (IEF) of the interrupt 
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controller must be set. This is accomplished by executing the 
EI instruction. a : . 


Task switching using the MMU 


As mentioned previously, the HD64180’s logical address 


. Space is divided into the three areas allowed by the MMU. | 


Common Area 0 is used for RAM initialization data, interrupt 
vectors, initialization code, and the main task execution. 
Common Area 1 is used for shared RAM space, which stores 
the elapsed time clock data and other data that is manipulated 
by the tasks. The Bank area is used for executing the subtask 
code segments. 


Since the subtask execution code is always mapped to the 
logical addresses of the Bank area, task switching can be 
accomplished by storing the existing values of the MMU 
registers to the stack, reprogramming them to access the 
physical locations of the new task and its' associated data 
RAM area, and jumping to the first location of the bank area. 
With this scheme, each task can be located in a different area 
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of physical memory, yet still be accessed using the same 
addresses in logical memory. | 


In more complex applications, this method of switching tasks 

allows easy handling of the non-contiguous memory space. 
Although the entire code for this application could have fit in 
the directly addressable 64Kbyte memory space, more com- 
plex code would have to be broken into sections that would fit 
within the logical address space. 


In this example, all tasks accessed the same data area, and the 
CBR was notreprogrammed during task switching. Note that 
by reprogramming the CBR register, physical data area 
locations can be switched at the same time as physical code 
areas. 


Coding the Tasks 


The main task operates continuously, and is interrupted by the 


other tasks based on events. This tasks consists simply of 
polling the RDRF bit of the ASCI1 status register to detect 
~when a key has been pressed on the terminal. When a key 
input is detected (RDRF set), a routine is entered which 
_ displays the current external event information stored in RAM 
by transferring the data character by character through ASCI 
_ channel 1. . | 


’ Task A is executed in response to the PRTO countdown 
‘ interrupt. This task increments the elapsed time clock that is 
stored in RAM. Note that Task B interrupt requests are 
disabled during the main task execution, to prevent time data 
- from being updated to the screen during the event display. 


" . However, note also that the elapsed time and external events 


can be accepted. 


Task B is executed in response to the PRT1 countdown 
interrupt. The DMA controller is initiated as part of this task 
for data transfer to the ASCI1 transmit data register. When the 
Task B interrupt count reaches 10, the elapsed time clock 
value is copied to the memory location indicated as the DMA 
source address, and DMA transfer for channel 0 is enabled. 
This causes the current elapsed time to be display to the 
terminal through ASCI1. Copying the elapsed time clock 
value during Task B execution eliminates the possibility of a 
- PRTO interrupt changing the time during output to the termi- 
nal. Since DMA transfer continues beyond the time that Task 
Bends and interrupts are reinabled, it is possible that Task A 
could increment the elapsed time clock in memory before the 
entire DMA transfer completed. 
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Task C interrupts are serviced in response to an INT1 inter- 
rupt, which signals an external event. This routine simply 
copies the current elapsed time toa buffer in memory to record 
the time of the most recent event, and increments the event 
counter. To simplify programming, the event counter can 
increment to a maximum of nine. This event information is 
displayed by the main task in response to a key entry. If more 
than nine external events have occurred, an “*”’ is displayed 
in place of the number of external events. | 


- Assembling Code for MMU Task Switching 


Since the logical and physical addresses differ for the sections 
of code and data that are located outside of Common Area 0, 
care must be taken when specifying code addresses during 
assembly. Since the processor uses the logical addresses for 
execution, code should be located at the logical address space 
during assembly. For this example, all task code should be 
ORGed or located at h’4000, the logical address for task 


~ execution. 


When downloading code to a development system or 
EPROMs, an offset should be specified so that the code is 
physically loaded to the correct address. For instance, Task 


SECTION 


C would be ORGed to location 4000h. When downloading to . 


development system memory, an offset of 6000h should be 
specified so that the code would be loaded to the correct 


be. 
Summary 


This application identifies how the HD64180R, HD64180Z 


and HD647180X devices’ on-chip features can be used in a 


multi-tasking operation. Reprogramming the MMU to ini- 
tiate task switching allows for a simple method of allocating 
physical address space to executable code. The on-chip 
Programmable Reload Timers can generate interrupts which, 
during interrupt service accumulate elapsed time. The on- 
chip Serial Communications Interface controls transfer of 


data to the SCI transfer registers. 
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_ physical address of AOOOh, where the MMU will expect it to 


data to a terminal, either using DMA or program transfer of | 
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APPENDIX : Main Task Code Listing 
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e 
v 
e 
g 


es =e 


“s =s 


“se 
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64180 Application Program 


E 


lapsed time clock and external event logger 


Main Program: (in common area 0) 


Initializes the 64180 as follows: 
Interrupt vectors are loaded to h/20 
MMU is set up so that: 
Common Area 0 is fixed at h’0000 
‘Bank Area is at logical 4000h 
Common Area 1 is at logical FO0OOh 
PRTO - generates an interrupt every .01 sec 
PRT1 ~- generates an interrupt every .1 sec 
ASCIO - displays elapsed time clock 
DMACO - handles transfer of data to terminal 
Enters a loop polling for RxD condition 


RxD Handler: (follows main program) © 


Initializes pointers for display of event data 
Polls for TDRE, displays event data 

Returns to loop polling for RxD condition 

PRT1 interrupt disabled during this routine 


Task Switcher: (in common area 0) 


stores current MMU context 
loads MMU values for next task 
executes task code 

executes return from interrupt 


Task A: (in bank area, physical 8000h) 


Results from PRTO timer interrupt (every .01s) 
Increments elapsed time clock in common area 1 
Returns to Task Switcher 


Task B: (in bank area, physical A000h) 


Task C: 


Results from PRT1 timer interrupt (every .1s) 
Increments count of task B interrupts | 
If count = 5, then 
initialize DMACO for displaying clock 
If count = 10, then 
reads and stores elapsed time clock 
starts DMACO to display time 
resets count 
Returns to Task Switcher 


(in bank area, physical C0Q00h) 


~ Results from external event (INT1) 

- Records Elapsed Time Clock value (time of event) 
- Increments event count . 
- Returns to Task Switcher 
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000000 PAGE 
000000 CPU) %*64180.TBL” 
000000 INCL “INTIO.LIB” 
; 
; 64180 Internal I/0 register equates 
’ ‘ 
; Copyright 1988, SOFTAID, INC., Columbia, MD. 
: ’ ; 
; Note: BASE must be defined as the internal I/0 
: relocation offset of 00h, 40h, 80h or OCOh 
; and register ICR must be set appropriately. 
00000000 = BASE: EQU 00h 5 
ro 
00000000 = CNTLAO: EQU 00H + BASE ; ASCI CONTROL REGISTER A CH O 7) 
00000001 = CNTLA1: EQU O1H + BASE ; ASCI CONTROL REGISTER A CH 1 
00000002. a CNTLBO: EQU 02H + BASE ; ASCI CONTROL REGISTER B CH O 
00000003 = CNTLB1: EQU 03H + BASE ; ASCI CONTROL REGISTER BCH 1 
00000004 = STATO: EQU 04H + BASE | ; ASCI STATUS REGISTER CH 0 
00000005 = STATI: EQU 05H + BASE 7 ASCI STATUS REGISTER CH 1 
00000006 = TDRO: EQU 06H + BASE ; ASCI TRANSMIT DATA REGISTER CH 0 
00000007 = TDR1: EQU O7H + BASE ; ASCI TRANSMIT DATA REGISTER CH 1 
00000008 = RDRO: EQU 08H + BASE — ; ASCI RECEIVE DATA REGISTER CH 0 
00000009 RDR1: EQU 09H + BASE -; ASCI RECEIVE DATA REGISTER CH 1 
OOO00000A CNTR: EQU OAH + BASE ; CSI/0O CONTROL REGISTER 
0000000B = TRDR: EQU OBH + BASE ; CSI/O TRANSMIT/RECEIVE DATA REGISTER 
0000000C TMDROL: EQU OCH + BASE ; TIMER DATA REGISTER CH OL 
0000000D TMDROH: EQU ODH + BASE : TIMER DATA REGISTER CH OH 
00000005 RLDROL: . EQU OEH + BASE ; RELOAD REGISTER CH OL 
OOO0000F RLDROH: EQU OFH + BASE | ; RELOAD REGISTER CH OH 
00000010 = TCR: - EQU 10H + BASE ; TIMER CONTROL REGISTER 
00000014 = TMDR1L: EQU 14H + BASE ; TIMER DATA REGISTER CH 1L 
00000015 = TMDR1H: EQU 15H + BASE ; TIMER DATA REGISTER CH 1H 
00000016 = RLDR1L: EQU 16H + BASE ; RELOAD REGISTER CH 1L 
00000017 = RLDR1H: EQU 18H + BASE ; FREE RUNNING COUNTER 
00000020 = SAROL: EQU 20H + BASE ; DMA SOURCE ADDRESS REGISTER CH OL 
00000021 SAROH: EQU 21H + BASE ; DMA SOURCE ADDRESS REGISTER CH OH 
00000022 = SAROB: EQU 22H + BASE ; DMA SOURCE ADDRESS REGISTER CH OB 
00000023 = DAROL: EQU 23H + BASE ; DMA DESTINATION ADDRESS REGISTER CH OL 
00000024 = DAROH: EQU 24H + BASE ; DMA DESTINATION ADDRESS REGISTER CH OH 
00000025" = DAROB: EQU 25H + BASE ; DMA DESTINATION ADDRESS REGISTER CH OB 
00000026 = BCROL: _EQU 26H + BASE. ; DMA BYTE COUNT REGISTER CH OL 
00000027 = BCROH: EQU 27H + BASE ; DMA BYTE COUNT REGISTER CH OH 
00000028 = MARLL: EQU 28H + BASE ; DMA. MEMORY ADDRESS REGISTER CH 1L 
00000029 = MARiH: EQU 29H + BASE © ; DMA MEMORY ADDRESS REGISTER CH 1H 
0000002A = MAR TB: EQU 2ZAH + BASE _ ¢ DMA MEMORY ADDRESS REGISTER CH 1B 
0000002B IARLL: EQU 2BH + BASE | ; DMA I/O ADDRESS REGISTER CH 1L 
0000002C = TAR1H: EQU ' 2CH + BASE . ; DMA I/O ADDRESS REGISTER CH 1H 
0000002E = BCR1IL: EQU Z2EH + BASE ; DMA BYTE COUNT REGISTER CH 1L 
“y 
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0000002F = BCRI1H: EQU . 2FH + BASE ; DMA BYTE COUNT REGISTER CH 1H 
‘00000030 = DSTAT: EQU 30H + BASE ; DMA STATUS REGISTER 
00000031 = DMODE: EQU 31H + BASE ; DMA MODE REGISTER 
00000032 = DCNTL: EQU 32H + BASE. ; DMA/WAIT CONTROL REGISTER 
00000033 = IL: EQU 33H + BASE ; IL REGISTER(INTERRUPT VECTOR LOW REG) 
00000034 = ITC: EQU 34H + BASE ; INT/TRAP CONTROL REGISTER 
00000036 = RCR: _ EQU 36H + BASE _ ¢ REFRESH CONTROL REGISTER 
00000038 = CBR: EQU 38H + BASE ; MMU COMMON BASE REGISTER 
00000039 = BBR: EQU 39H + BASE ; MMU BANK BASE REGISTER 
0000003A = CBAR: EQU 3AH + BASE ; MMU COMMON/BANK AREA REGISTER 
0000003F = ICR: EQU 3FH + BASE ; I/O CONTROL REGISTER 
3 Programmable reload timer enable equates 
00000001 = PRT _ COUNT: EQU 01H ; TIMER COUNT ENABLE 
00000010 = PRT_ INT: EQU 10H. ; TIMER INTERRUPT ENABLE 
; ASCI initialization and status equates 
00000000 = ASCI_38400: EQU 00H ; BAUD RATE 
00000001 = ASCI_19200: EQU 01H ; BAUD RATE 
00000002 = ASCI_ 9600: EQU 02H ; BAUD RATE 
00000003 = ASCI_ 4800: EQU 03H ; BAUD RATE 
00000004 = ASCI_ 2400: EQU 04H | ; BAUD RATE <a 
00000005 = ASCI 1200: BQU 05H ; BAUD RATE 
OOO00006 . = ASCI_ 600: EQU 06H ; BAUD RATE 
00000004 = ASCII, 8BITS: EQU 04H ; DATA BITS ee 
00000002 = ASCI_PARITY: EQU 02H ; PARITY ENABLE 
00000001 = ASCI_2STOP: EQU 01H ; 2 STOP BITS 
00000002 = ASCI_TDRE: EQU Q2H ; TDRE BIT MASK 
00000080 = ASCI_RDRF:- EQU 80H ; RDRF BIT MASK 
000000 HOF “*INT16” 
00000000 a NULL: EQU 00h 
Q000000D — = CR: EQU ODh 
OOO0O00A a LF: EQU OAh 
00000000 = TLLOW: EQU 000h 
000000B4 = T1HI: EQU OB4h 
00000000 = TOLOW: EQU 00h 
00000012 = TOHI: EQU 012h 
00004000 = BANK: EQU 04000h bank logical location for task 
; handling routines 
‘ 
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APPENDIX: Main Task Code Listing (continued) 
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H Data Storage 

: - System Data 
000000 ORG 00h jinitialize reset information 
000000 C30001 JP CLSTART 
000020 ORG 020h ;interrupt vector table 
000020 B901 INT1: DWL TASKC ;external event interrupt 
000022 DEO1 INT2: DWL INTEND . 
000024 ABO1l PRTO: DWL TASKA ;timer O countdown interrupt > 
000026 B201 PRT1: DWL TASKB ;timer 1 countdown interrupt 2) 
000028 DEOL DMAO: DWL INTEND G 
00002A DEOL DMA1: DWL INTEND ” 
00002C DEOL CSIO: DWL INTEND 
00002E DEO1 ASCIO: DWL INTEND 
000030 DEO1 ASCI1: DWL INTEND 

: Preliminary Storage area for task data - data in this 

: area (ROM) is moved to RAM during initialization 
000040 . ORG 040h ;storage area (Common 1) 

. ;used by all tasks 

000040 30303A30303A30ELCLK: DFB “00:00:00.0” 
00004A 300D DFB “0",CR 


;storage area X (Common 1) 


zyused by Task C only 


00004C ODOAOA EVDATA: DFB CR, LF, LF 
OO0004F 30 DFB 30h ;storage for count of events (<= 9) 
000050 206576656E7473 DFB “ events occurred”,CR, LF 
000062 204C6173742065 DFB “ Last event occurred at “ 
00007A 30303A30303A30 DFB “00:00:00.00”",CR, LF, LF 
000088 00 DFB 00h send of data 

: ;storage area Y (Common 1) 

; “pused by Task B 
000090 ORG 090h 
000090 00 CTRDATA: DFB Oh 
000091 30303A30303A30  DFB “00:00:00%,CR 
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APPENDIX: Main Task Code Listing (continued) 


we me 


ae 


RAM DATA TABLE: the following sets up logical 


addresses to correspond with those used in 


tasks. These addresses map to physical RAM, 


which must be intialized by the main program 


OOFO000 ORG OFO00h . ;storage area (Common 1) 
;used by all tasks 
OOF000 30303A30303A30ET CLK: | DFB “00:00:00.0” 
OOFOOA 300D ET CLKend:. DFB *0”,CR 
OOF800 ORG OF800h 
; storage area X (Common 1) 
z;used by Task C only 
OOF800 ODOAO0A EV_START: DFB CR,LF,LF 
OOF803 30 EVNT CT: DFB 30h ;storage for count of events (<= 9) 
OOF804 206576656E7473 DFB “ events occurred”,CR, LF 
OOF816 204C6173742065 DFB “ Last event occurred at ™* 
OOF 82E 30303A30303A30LAST EV: DFB “00:00:00.00”",CR, LF, LF 
OOF83C 00 ies 00h rend of data 
OOFA00 ORG OFA00h 
? ;storage area Y (Common 1) 
7 ;used by Task B 
OOFAO0O 00 CTR: DFB | Oh 
OOFA01 30303A30303A30D_ TIME: DFB “00:00:00%,CR 
: 
OOFAOA PAGE 
oA KR KERR KEK KKK ERK KKK KEKE KKK KEKE KKK KKK KKK KK KK 
7 
; Initialization routines for 64180 
, 
000100 ORG 100h 
; 
; Initialize MMU: common 0 at location 0000h (logical) 
; common 1 at location FO00h (logical) 
: bank at location 4000h (logical) 
; . 
000100 3EF4 CLSTART: LD A,OF4h ;Common 1 at FO000h, Bank at 4000h 
000102 ED393A OUTO (CBAR),A 
000105 3E10 LD  =A,10h ;Commonl physical at 1F000h 
000107 ED3938 OUTO (CBR) ,A 
OOO10A DD21FFFF LD IX,OFFFFh sstack at high memory 
00010E DDFS LD sp, 1X _ 
000110 3E00 LD A,0OOh ;turn off refresh insertion 


000112 ED3936 


Section 


OUTO (RCR) ,A 
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APPENDIX: Main Task Code Listing (continued) 


000115 


000115 
000117 


00011A 
-00011D 
000120 
000123 


000125 
000128 
00012B 
00012E 


000130 
000133 
000136 
000139 


00013B 


0001" 
0001 

0001: 
000142 
000145 
000147 


PAGE 


3E20 
ED3933 


214000 
1100F0 
010c00 
EDBO 


214C00 
1100F8 
013D00 
EDBO 


219000 
1100FA 
010A00 
EDBO 


PAGE 


70 
3901 

21 
=D3903 

3E00 
ED3905 


00014A 011000 
00014D 3500 

00014F ED390C. 
000152 ED390E. 
000155 3E12 — 


PRK KKK KR ERK KKK KKK KK RK KR KKK KKK KEK RK KKK KKK EK KKK KICK 


’ 


: Initialize interrupt vector registers, table 
LD A,20h juse low memory page 
OUTO (IL),A ;I initialized to 00h on reset 


=s 


FIR KKK RIK KKK IKKE K KKK KK KKK KKK KEK KKK KKK KKK KKK K 


=e 


Initialize common RAM areas 


=e 


LD HL, ELCLK ;data to be moved to RAM 
LD -DE, ET CLK ;data area to be loaded 
LD BC,12 ;count of characters 
LDIR 

LD _ HL, EVDATA ;data to be moved to RAM 
LD DE, EV_START ;data area to be loaded 

LD BC, 61 gcount of characters 

LDIR 

LD HL, CTRDATA “ydata to be moved to RAM 

LD DE,CTR ;data area to be loaded 

LD Bc,10. ;count of characters 

LDIR 


FRITH K KR KEIR KKK KKK KKK KEK EEK KKK KKK 


we 


Initialize ASCI1 for serial communications 
9600 baud, 7 data bits, 1 stop bits, no parity 


=. =e 


SCINIT: LD A,70h ;RE,TE,7,N,1 
OUTO (CNTLA1),A ; 
LD A,21h | 79600 at 9.216MHz 
OUTO (CNTLB1),A 
LD A,00h 
OUTO (STAT1),A ;disable receiver interrupts 


¢ : 
BF He He II HH IT IH IH KI III IK KK IKKE KEK KEK KERR KEK KKK KKK 


; Initialize PRTO for interrupt every .01 second 
: Interrupts not yet enabled 
“OINIT: LD BC, TCR j;load address of register 
LD A, TOLOW 
OUTO (TMDROL) ,A jtimer data register OL 
OUTO (RLDROL),A jreload data register OL 
LD A, TOHT 
HITACHI | 
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APPENDIX: Main Task Code Listing (continued) 
000157 ED390D OUTO (TMDROH) ,A stimer data register 0H 
00015A ED390F OuUTO (RLDROH),A jreload data register 0H 
00015D PAGE 
BHI KERR HK KKK RK K ER KK KKK KKK RHR EKER KKK KKK KEKE KEKE KKK KKK KK KKK 
: Initialize PRT1 for interrupt every .1 second 
: Interrupts not yet enabled 
00015D 3E00 LD A, T1LLOW 
OOO15F ED3914 ouUTO (TMDR1L) ,A ;timer data register 1L 
000162 ED3916 OUTO (RLDRIL),A ;reload data register 1L 
000165 3EB4 LD A, T1HI 
000167 ED3915 OUTO (TMDR1H) ,A ;timer data register 1H 
-00016A ED3917 OUTO (RLDR1H),A ;reload data register 1H 
00016D PAGE . 
FHKE KKK KK HIKE KK KEK KKK KKK ERK KE KEKE KK KEK KEK KEK ER KEK KKK KEE 
; Enable all Interrupts, start clock, and wait for RxRDY 
00016D FB EI . 
OOO16E 3E02 LD A, 02h 
000170 ED3934 OuTO (ITC) ,A s;enable INT1 interrupts 
000173 3533 LD A, 33h 
000175 ED3910 OUTO (TCR),A ;start PRT timers 
gH aI KI HK IK IK KK HK IK KK II KK KKK KKK KKK KEK KEK KKK KEKE KEKE KEKE 
: MAIN TASK: 
; Loop here until RxRDY received from ASCIO 
000178 010500 KEYLOOP: LD BC, STAT1 | 7;ASCI status register 
00017B ED7480 TSTIO 80h ;tests if RDRF 
OOOLTE 28F8 JR 2,KEYLOOP 
: Reach here when RxRDY received 
; 
000180 ED3809 INO . A, (RDR1) g;read RDR to clear RDRF 
000183 3E13 LD A,13h 
000185 ED3910 OUTO (TCR) ,A | ;disable Task B irq 
000188 3E20 LD | A, 20h . 
00018A ED3930 OUTO (DSTAT) ,A . ;disable DMA in progress 
00018D DD2100F8 KEYIN: LD IX, OF800h ; 
000191 ED7402 OUTLP: TSTIO 02h gtests if TDRE 
000194 28FB JR Z, OUTLP 
000196 DD7E00 LD A, (IX+0) zget memory to output 
Section ~ HITACHI . 
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000199 FEOO cP NULL stest if end of string 
00019B 2807 JR Z, KEYEND 

00019D ED3907 OUTO (TDR1),A joutput to asci port 1 
Q0001A0 DD23 INC IX sincrement memory pointer 
0001A2 18ED JR OUTLP 

0001A4 3E33 KEYEND: LD A, 33h 

0001A6 ED3910 OUTO (TCR) ,A renable timer irqs 

0001A9 18CD JR KEYLOOP 


gH HI IKK II IK I KIRK KKK RK KK KIRKE IKK KI KKK KKK KEKE RE KKK KEK KKK 





; Task Switcher - interrupt service 
: entry point to this section depends on IRQ recv’d 
6 
: enter here for PRTO irq 5 
0001AB C5 TASKA: PUSH BC o 
-O001AC OE04 LD C,04h ;task A at physical 8000h 
OOO1AE 0610 LD B,10h ;common 1 at physical 10000h 
0001B0 180C JR | SWITCH 
: enter here for PRT1 irg 
0001B2 C5 | TASKB: PUSH BC | 
0001B3 OE06 LD C,06h ;task B at physical A0OOh 
0001B5 0610 LD B,10h ;common 1 at physical 10000h 
0001B7 1805 JR SWITCH 
a enter here for IRQ] request 
0001B9 C5 TASKC: PUSH BC 
0001BA OE08 LD C,08h jtask C at physical C000h 
0001BC 0610 LD B,10h zcommon 1 at physical 10000h 
: Task switches handled here 
0001BE ED1838 SWITCH: INO E, (CBR) ;read commonl base address 
0001¢1 ED1039 INO D, (BBR) ;read bank base address 
0001¢c4 D5 PUSH DE ssave to stack 
0001C5 EDO939 OUTO (BBR) ,C jinitialize BBR 
0001Cc8 ED0138 OUTO (CBR) ,B jinitialize CBR 
0001CB ES PUSH HL 
ooodicc F5 PUSH AF ssave context prior to int sve 
O0001CD DDES ~~ PUSH IX | 
; 
; Memory switched, call task handler routine 
0001CF CD0040 CALL BANK ;switch to task in bank area 
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APPENDIX: Task Switcher Code Listing 


. 
¢ 


: Task complete, perform clean-up for return from task 


0001D2 DDE1 RETURN: POP IX 
0001D4 Fl POP AF 
0001D5 El POP HL 
0001D6 D1 : POP DE 
0001D7 ED1139 OUTO  (BBR),D ;restore MMU 
0O001DA ED1938 OUTO (CBR),E _ grestore MMU 
0001DD C1 POP . BC | 
0001DE FB INTEND: EI 
0001DF ED4D So RETI 
000000 END 
Section H ITACH | 
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APPENDIX: Task A Code Listing 


000000 
000000 


OOF000 


OOF000 
OOFOOA 


OOFOOC 


004000 


004000 
004004 
004006 
004009 
00400B 
00400D 
00400F 
004012 
- 004014 
004016 
004019 
004018 
00401D 
00401F 
004022 
004024 
004026 
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FOR ITI IO RI II IK KIO KK IKK IT KR IKI RK RIK IK RIK RK IK KK KK 


: TASK A ROUTINES: Interrupt service for timer 0 
; - Causes elapsed time clock to increment by 
p+, one hundredth of a second 


Fe He Hee aH RH I III II IKI I IOI III IK IR KK I I IK 


: Task A Code: executed upon receipt of PRTO interrupt 
CPU “64180.TBL” 
INCL “INTIO. LIB” 
? Use same table of equates as for Main Task 
PKI III KKK I KKK KKK KKK KK KKK RIKER KKK KEK KKK KK KK KKK KKK 
: RAM area loaded with data by main program 
ORG OFO00h ;storage area (Common 1) 
-30303A30303A30ET CLK: DFB “00:00:00.0” 
300D ET_CLKend:DFB “0%,CR 
PAGE 
gO II IKI IK KK KKK KI KK IK KK I II KIKI IKI KKK KKK KKK KK EK KKK KEK 
: Task A: increment elapsed time clock 
ORG 4000h yorg at logical address 

DD210AF0 CLK _CHG: LD IX,ET CLKend ;IX contains address of clock 
3E01 LD A, Olh 
DD8600 ADD A, (IX+0) ;increment 
FE39 CP 39h ;if 3A, then update 
2078 JR NZ, UPDATE 
3E30 LD A, 30h jreset to 0 
DD7700 LD (IX+0),A ;prepare to incr preceeding 
DD2B DEC IX 
3E01 LD A,0O1h . 
DD8600 ADD A, (IX+0) sincrement 
FE39 CP 39h ' if 3A,. then update. 
2068 JR NZ, UPDATE 
3E30 LD A, 30h \ greset to 0 
DD7700 LD (IX+0),A ;prepare to incr preceeding 
DD2B DEC IX . 
DD2B DEC IX ;skip period 
3E01 LD A, 01h. ? 
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7; © update seconds 
004028 DD8600 ADD A, (IX+0) ; increment 
00402B FE39 CP 39h ;if 3A, then update 
00402D 2056 JR NZ, UPDATE 
00402F 3E30 LD A,30h ;reset to 0 
004031 DD7700 LD (IX+0),A ;prepare to iner preceeding 
004034 DD2B DEC IX 
004036 3E01 LD A, Olh 
004038 DD8600 ADD A, (IX+0) ; increment 
00403B FE36 CP 36h ;if 37 (>60), then update 
00403D 2046 JR NZ, UPDATE | 
00403F 3E30 LD A, 30h ;reset to 0 
004041 DD7700 LD (IX+0),A ;prepare to incr preceeding 
004044 DD2B DEC IX, 
004046 DD2B DEC IX ;skip period 
004048 3E01 LD A, O1lh 
update minutes 
00404A DD8600 ADD A, (IX+0) jincrement 
00404D FE39 CP 39h ;if 3A, then update 
00404F 2034 JR NZ, UPDATE 
004051 3E30 LD A, 30h ;reset to 0 
004053 DD7700 LD (IX+0),A ;prepare to incr preceeding 
004056 DD2B DEC IX 
004058 3E01 LD A, O1h 
00405A DD&600 ADD A, (IX+0) ; increment 
00405D FE36 cP 36h :if 37 (>60), then update 
OO405F 2024 JR NZ, UPDATE 
004061 3E30 LD A, 30h jreset to 0 - 
004063 DD7700 LD (IX+0),A ;prepare to incr preceeding 
004066 DD2B DEC IX 
004068 DD2B DEC IX :skip period 
00406A 3E01 LD A,Olh 
update hours 
00406C DD8600 ADD A, (IX+0) sincrement 
 00406F FE39 CP 39h ;if 3A, then update 
004071 2012 JR NZ, UPDATE 
004073 3E30 LD A, 30h ;reset to 0 
004075 DD7700 LD (IX+0),A ;prepare to incr preceeding 
004078 DD2B DEC IX | 
00407A 3E01 LD A,Olh 
00407C DD8600 ADD A, (IX+0) sincrement 
OO407F FE39 CP 39h ;if >100, then reset to 0 
004081 2002 JR NZ, UPDATE 
004083 3E30 LD A, 30h preset to 0 
Section HITACHI 
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APPENDIX: Task A Code Listing (continued) 


004085 DD7700 
004088 ED3810 
00408B ED380C 


00408E C9 


000000 


UPDATE: LD (IX+0),A ;prepare to incr preceeding 
INO A, (TCR) ;read timer registers to reset 
INO A, (TMDROL) 3 timer interrupt 
RET ;return from task routine 


; to task switcher 


DG III ISI GISIGIGITITIDIGISISICIGIOIO I OIGIOI ICICI GICIGICICICIOIOIDIOI I ICIO CIC O ROOK 


END 


H ITACH i Section 
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APPENDIX: Task B Code Listing 


FRR KK KKK IKK KKK KEKE KEK KKK KK IKE KKK KK ERK KER KKK KEK KKK KKK KK 





: Task B - Executed upon receipt of PRT1 interrupt 
. 

000000 ~~ CPU “64180.TBL” 

000000 INCL “INTIO. LIB” 


: Include same table of equates used for Main Task 


DORI IO IO II IOI III IOI IOI III IR IIT III IK RK KK RK 


; Data Storage 
? - System Data 
? 
OOF O00 ORG OFO00h ;storage area (Common 1) 
: sused by all tasks 
OOF000 30303A30303A30ET CLK: DFB “00:00:00.0” 
OOFOOA 300D ET _CLKend: DFB *0”,CR 
OOFA00 ORG OFAOOh ;storage area Y (Common 1) 
OOFA0O 00 CTR: DFB Oh ;used by Task B 


OOFA01 30303A30303A30D TIME: DFB “00:00:00",CR 
DOIG OIG IGIGIGIOI DIGIC IDI ISIC GIOISIICIOICICIOITIOICICISIOICIOISICIIDISOICI OI ICK 


¢ 


: Task B - Prepare for and perform DMA to ASCI1 
004000 ORG 4000h ;org at logical address 
004000 DD2100FA CLK DSP: LD IxX,CTR ;IX contains address of count 
004004 3E01 LD A,Olh 
004006 DD8600 ADD A, (IX+0) zincrement 
004009 FEOS CP 05h ;compare to 5 
00400B 2005 JR NZ, SEC_CHK 
: reach here if count equals 5 
00400D CD3740 CALL DMINIT zif = 5, initialize DMAC 
004010 181B JR DSP_END 
004012 FEOA SEC_CHK: CP OAh * A ;compare to 10 
004014 2017 JR NZ,DSP_END 
; reach here if count equals 10 
004016 3E00 LD A, 00h yreset count value inA 
: 
004018 2100F0 LD HL, ET_CLK 
00401B 1101FA . LD DE,D_TIME 
00401E 010800 LD BC,8 
004021 EDBO LDIR ;Copy current clock 
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APPENDIX: Task B Code Listing (continued) 


004023 0620 
004025 ED0107 
004028 0640 
00402A ED0130 


00402D DD7700 
004030 ED3810 
004033 ED3814 
004036 C9 


004037 0101FA 
00403A EDO920 
00403D ED0121 
004040 1601 
004042 ED1122 
604045 010700 
004048 ED0923 
00404B ED0124 
00404E 1602 
004050 ED1125 
004053 0600 
004055 ED0127 
004058 0609 
00405A ED0126 
00405D 0630 
00405F EDO131 
004062 O6F4 
004064 ED0132 


004067 C9 


000000 


LD B, 20h ;output a space 
OUTO (TDR1),B jprior to starting ASCI ch 0. 
LD B, 40h 
OUTO (DSTAT) ,B ;start DMAC ch 0 
: exit interrupt service here 
DSP_END: LD (IX+0),A yrestore counter to memory 
INO A, (TCR) ;read registers to clear 
INO A, (TMDR1iL) : interrupt request 
RET 


PKK EAR KKK KKK EKER EKER KEK KK K 


DMINIT: 
OUTO 
OUTO 


DMAC Channel 0 Initialization 
for displaying elapsed time to terminal 


LD BC,D_TIME 


(SAROL) ,C 
(SAROH) ,B 
D,Olh 
(SAROB) ,D 
BC, TDR1 
(DAROL) ,C 
(DAROH) ,B 
D, 02h 
(DAROB) ,D 
B, Oh 
(BCROH) ,B 
B,9 
(BCROL) ,B 
B, 30h 
(DMODE) ,B 
B, OF 4h 
(DCNTL) ,B 


sreturn from task B 


SECTION 





;prepare to load source addr 
; source address at ET CLK 


;prepare to load dest addr 


;TDRE1 generates request 


;byte count high = 0 
;byte count low = 9 chars 
zsource (mem) incs, i/o stays 


tedge sense on channel 0 


DIU IG II IOI IOI IITA III 


END 
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APPENDIX: Task C Code Listing 


000000 
000000 


OOFO000 


00F000 
OOFOOA 


OoFs800 


OOF 800 
0OF803 
OOF804 
OOF816 
OOF 82E 


004000 


004000 
004003 
004006 
004009 
004008 
00400E 
00400F 
004011 
004012 
004014 
004016 
004017 
004017 


000000 


Section 
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DOI III IOI IO III IOI III II TOI II IK 


e 


Task C - executed upon receiving IRQ] (external event) 


=e 


=e 


Causes count of external events to be incremented 


«eo 


BH KK HK KK HK KI KKK KEKE KKK KKK KEKE KKK KEKE EEK KKK KKK KKK EK 


CPU “64180.TBL” 
‘INCL “INTIO. LIB” 
: Include equates file used for Main Task 
PKR RRA KK RIK KIRK K IKK KER KKK RR KK RK KKK RIK KK RHEE KKK KE KK 
7 Data Storage 
woe - System Data loaded from EPROM at initialization 
ORG OFOO0Oh ;storage area (Common i) 
;used by all tasks 
30303A30303A30ET CLK: DFB “00:00:00.0” 
300D ET CLKend: DFB *0”,CR 
ORG OF800h storage area X (Common 1) 
sused by Task C only 
ODOAOA EV_START: DFB_ CR,LF,LF 
30 EVNT_CT: DFB 30h ;storage for count of events (<= 9) 
206576656E7473 DFB * events occurred”,CR, LF 
204C6173742065 DFB “ Last event occurred at * 
30303A30303A30LAST EV: DFB “00:00:00.00”,CR, LF, LF 
SGI III ISI III GIS ISI III II IOI II II TOI ITI TOI I STASI IS III TI I IIIA 
: Task C 
; copy current value of real time clock to memory 
a increment event counter 
ORG 04000h forg at logical address 
210BF0 _EVNT_SAV: LD HL,ET_CLK+11 send of ET_CLK string 
1139F8 LD DE,LAST_EV+11 ;end of LAST_EV string 
010C00 LD BC,12 ;number of chars to move 
EDB8 LDDR ;move information | 
2103F8 LD HL,EVNT CT ; 
34 INC (HL) zincrement event count 
3E39 | LD A,39h load ‘9 + 1 
BE cP (HL) ;compare to value in Acc 
3003 JR NC, SAV_END rif not equal, then return 
3E30 LD A, 70" gif equal, then reset 
77 LD (HL) ,A 
_SAV_END: 
c9 - RET 
BRR IKK KKK KKK KKK EKER REE KKK RE KEK KKK KKK KEKE KKK KEKE KKK EE KEKKE 
END 
HITACHI 
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Reading of a Short Data Byte from the 64180 CSIO 


Tech Notes 
Application Engineering 





Amelia Lam 


In 64180, the clock synchronous serial I/O (CSIO) port is used for fixed 8-bit data transfer in half 
duplex mode. Both transmit and receive use the same Data Register (TRDR) and the same Control/ 
Status Register (CNTR). In the CNTR, an End flag (EF) is provided to indicate the status of an 
8-bit data transfer; it is set to one if the transfer 1s completed, or reset to zero when data is read from 
or written to the TRDR. 


SECTION 


In some cases, the user might have a link established with data less than 8-bit. When that happens, 
the data will still be available in the Data Register, and the user can read the shorter byte, e.g. 6- 
bit, as soon as itis done. Question may arise as to what will happen to the EF bit, since this bit get 
set at the end of 8-bit data transfer. | 





In 64180, whenever a read occurs, it causes an CSIO internal 3-bit counter to be reset. This 3-bit 
counter will set the EF flag after it has counted to zero and reset the flag after data is read. And 
it will perform the down-counting at the next available clock. Butif the read occurs right after the 
6-bit transfer, the counter does not have a chance to reach zero. Because of this, the EF flag will 
never get set. Hence, the user cannot rely on the CNTR for status information and has to ensure 
the correct data is read with external circuitry. 





3-bit counter 
eda. ae 


i y _PLclock 


v 

TRDR : 
® 

. e 

@ 
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Start Bit Detection in the 64180’s ASCI 
Tech Notes. 
Application Engineering 


Amelia Lam 


(Note : This technote is to replace #TN-0041, March 1992) 
The ASCI detects a start bit by monitoring the low level of the receive data after the following 
sequences have taken place to prevent the wrong interpretation of the noise signal as the start bit: 


1. The receiver is enabled 
2. On the falling edge of the serial clock (CKA) 
3. a delay of 10 system clocks (6) 


If a low level is detected, the ASCI will sample the RXD again at 1/2 of a bit time later; thatis 8 CKA 
in +16 mode or 32 CKA in +64 mode. The start bit will become valid if the sampling level is still 
low. From this point on, the ASCI then samples the data bit at one-bit time interval, which happens 
to take place in the middle of each bit. If a valid start bit is not detected, the ASCI will repeat the 
search at each falling edge oF the clock. 


<«—  Startbit — »<— bit 1 —>»<— bit 2 





* nis determined from SSO,1,2 bits & PS bit of ASCi Control Register B _ > 


The delay of 10 o clock is determined so that the next sampling point will be aligned at the center 
of the bit even in the worst case scenario with small prescale factor: 


divide ratio is + 1 (SSO, SS1, SS2 = 000) ; prescale by 10 ( PS=0); sampling clock is CKA + 16 (DR=0) 


10 =1CKA 
} : ? 7CKA : 
RXA ' ‘ 
tik 
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Start Bit Detection in the 64180’s ASC Tech Notes 


Here, 10. equals 1 CKA, and the 64180 actually waits after 7 CKA elapsed then performs the second 
sampling of the start bit. With this, the total durations still equal 8 CKA. This is not so critical if 
the prescale factor is higher, since 10 @ takes a less significant weight in the entire sampling cycle. 





The following flow chart highlights the detection of a start bit in an Asynchronous data transfer. 


Search Start bit on falling 
edge of CKA 
Monitor the RXA level afte 
10 system clocks 
RXA level is "L" 
Sample the RXA level at 
1/2 bit time later 


RXA level is "L" 


| Yes 
Start data sampling 









SECTION 
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Differences Between HD64180S and HD64180S2 


Tech Notes 
Application Engineering 





Amelia Lam 





The new product marking for the NPU is HD64180S2. It is the same as HD64180S except with the 
following differences : 


fT. Condition = Bit @achranoae - Bit synchronous ‘Camb ued be used fore! al be used 
~ Loop Mode 


2. Condition - Bit or Byte 
synchronous FM_ encoding 
(FMO, FM1, Manchester) 


- When the continous frames 
received by the MSCI are out 
of phase, the synchronization | 
can be done by the ADPLL if 
an "enter search mode" 
command is generated in 
between the idle state of each 
frame 



































An "enter search mode" 
command is automatically 
issued by the MSCI. No 

software intervention 


The user is required to 
generate an "enter search 
mode" command 















3. Condition - Bit synchronous 
HDLC or Loop mode 
























The MSCI wili correctly 
transmit the closing flag 
even if the last data byte is 
between FO - F7H. 


- If an FCS is not included in the 
transmit frame, and the last data 
immediately before the closing 

flag is in the range of FO - F7H 

(i.e. the bit sequence right 

before the flag is seen as 

xxx01111) 


The closing flag sent by 
the transmitter becomes 
seven 1's. The receiver 
thus interprets this as an 
Abort sequence and 

results in the wrong 

frame. 









ai Ta veve last byte | Flag 
5s xxxOt117 117494791 


Newemenernran, _geovusmennstaeh 
Abort sequen 
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Start Bit Detection in the 64180’s ASCI 


Tech Notes 
Application Engineering 


Amelia Lam 


The ASCI detects a start bit by monitoring the 


low level of the receive data after the following 


sequences have taken place: 


|. The receiver is enabled 

2. On the falling edge of the serial clock 
(CKA) 

3. a delay of 10 system clocks (®) 


These prevent the wrong interpretation of the 


noise signal as the start bit. 
If a low level is detected, the ASCI will sample 


the RXD again at 1/2 of a bit time later; that is 8 


CKA in +16 mode or 32 CKA in +-64 mode. The 
Start bit will become valid if the sampling level is 
still low. From this point on, the ASCI then 
samples the data bit at one-bit time interval, 
which happens to take place in the middle of each 
bit. If a valid start bit is not detected, the ASCI 
will repeat the search at each falling edge of the 
Clock. 


CKA Tuoi. 


“clock ! 
OK Ss Sttart’bit 





RXA 


‘Sie 


bit: 1 sie. IZ... 


Data sampling in + 16 mode 
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“techNoes ©. Start Bit Detection in the 64180’s ASCI | 


The following flow chart highlights the detection of a start bit in an Asynchronous data transfer. 







Search Start bit on falling 
edge of CKA 


Monitor the RXD level after 
10 system clocks 


RXA level is "L" 


Yes 


|» Sample the RXD level at 
1/2 bit time later 


No 
RXA level is "L" 


| Yes 


Start data sampling 
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HD64180 Family—DCD0 Line Operation 
Tech Notes 
Application Engineering 


Marnie Mar 





Hardware Manual Supplement 


When 64180 designs using ASCI channel 0 require DCD0 to be active, users should be aware of the 
following if receive interrupts are enabled. | 


A receive interrupt will be generated whenever receive interrupts are enabled and the ASCI detects 
alow to high transmition of the DCD0 bit of Status RegisterO (STATO). This bit transition will occur 
if either the external DCDO input line transitions from low to high, or if the DCD0 bit of STATO is 
cleared by reading STATO, but the external DCDO line remains high. The DCD0 bit will be cleared 
by the STATO read, but the bit will be reset as soon as the external DCDO line is detected high. 


SECTION | 





If the external DCD0O line is to be held high in an application, recieve interrupts should be disabled 
by clearing the RIE bit of STATO. Otherwise, receive interrupts will be requested continuously until 
the external DCD line is set low. 


ASCI Status Register 0 (STATO : I/O Address = 04H 


R: read only 
R/W: read and write 
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64180 DMAC: Memory-Mapped I/O Transfers 
Tech Notes | | | 
Application Engineering 








A fixed memory location can be specified as the source or destination fora DMAC channel 0 transfer 
on the HD64180R, Z and HD647180X. When this occurs, the DMAC assumes that the fixed address 
is a register in an external memory-mapped I/O device which is capable of generating an external 
hardware request signal to be input on the DREQ, pin. Once the channel has been initialized and 
enabled, transfers will occur as requested by the DREQ, input which can be programmed to be edge 
or level sensitive. 


If the user’s system does not have the capability of providing a DREQ, input to trigger transfers to _ 
or from this location, transfers can be triggered by program control. In order for this to happen, 
program DREQ, to be level sensitive (set the DMSO bit of the DCNTL register to 0) and tie the 
-DREQ, pin low. This will cause DMA transfers to occur in burst mode whenever channel 0 is 
enabled (by writing 1 and 0 to the DSTAT register’s DMEO and DWEO bits, respectively). 


Note on tying the DREQ, pin low: Since the DREQ, line is multiplexed with the CKA, input/output 
line, the user must not enable the ASCIO baud rate generator prior to initializing DMAC channel 0 
for memory-mapped I/O transfers. Initializing the system in this order would cause the CKA, line 
to output the baud clock, and this pin in the output state should not be tied low. 


Section HITACHI | | 
340 2 Hitachi. America, Ltd. « San Francisco Center * 2000 Sierra Point Pkwy. Brisbane, CA 94005-1819 © (415) 589-8300 


June, 1990 


Notes on HD64180S (NPU) Bit-Sync Loop Mode 


Tech Notes 





Application Engineering 


Marnie Mar 





Abnormal transmission of data in secondary stations 


The following problem may be found when using the HD64180S Network Processing Unit (NPU). The Multiprotocol 
Serial Communications Interface (MSCTI) of this device may not operate correctly when it is used in the Bit 
Synchronous Loop Mode in support of secondary stations for bit synchronous loop transmission of data. For details 
on the correct operation of the Bit-Synchronous Loop Mode, please refer to the HD64180S NPU Hardware Manual, 
#U16. 


The MSCI operating in this mode may transmit data abnormally when the Go active On Poll (GOP) bit of the MSCI 
Control Register (MCTL) is changed from 0 to 1. If operating correctly, data transmission would not begin until both 
the GOP bit is changed to 1 and a Go Ahead (GA) pattern has been detected. Figure 1 shows this incorrect operation. 


SECTION 














acai 


ae Cop A aad ~ roe 
PEEL CESS 6 Es ol Seeeee 







GOP = 1 =—=9 . 
Figure 1. Failure in data transmission in a secondary station 


Countermeasure 


This abnormal transmission can be prevented by modifying the application software that controls the NPU operating 
in bit-synchronous loop mode. 





Figure 2 shows a portion of the State Transition Diagram for Transmission in Bit Synchronous Loop Mode. To avoid 
abnormal transmission of data, the GOP bit should never be written by application software after it has been 
initialization to “*1’°. Therefore, GOP remains in the ‘*1°° state during operation. To cause transition from the Idle 
state to the Retransmit Idle state without writing "0" to the GOP bit requires the following steps: 


1) Issuing the ‘““TX Reset’’ command in the Idle state causes transition to the TX Disable state 
2) Issuing the ‘“TX Enable’’ command in the TX disable state causes transition to the Retransmit Idle state 
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Tech Notes Notes on HD64180S (NPU) Bit-Sync Loop Mode 


“TX reset ° issued and 
"Channel reset’ Issued oe 
from all states | | or GOP = "0" 





TX disable state 


"TX enable issued _ Retransmit idle & 
TX dleable" issued | = 









prreeshtsin "TX disable" issued 
GOP-=*9*- 

Data in transmit butter, (Transitions not 
GA pattern recent used due to GOP 
and GOP = "t operation problem 
Come IC 

Data in transmit buffer — — No data in transmit 

and GOP = “{* butter and GOP = °1° 

Figure 2, State transition 


Countermeasure by software 


Figure 3 shows the results of the countermeasure for the loop mode operation problem in software: 






idle state TX disable state Retransmk idie state 
f A= ssa 
Txom 9) ‘7EH*transmit | “FPH transmit 
Lo "7EH* Mi he FR 
beta tranemit end in ~ “Ot OL = 'F ue 
a secomary station pes ‘ame 
Change to to 
MIDL » "FFH® Spore 
TX reset 
command lesued 
Figure 3. Example 


Notes: 


1) The MSC Idle pattern register (MIDL) is programmed to FFh from 7Eh during the Idle state to cause the hee 
from flag transmit to mark transmit. 


_ 2)The TXDM output pin is in mark state during the TX Disable State, which is the same as it would be if direct transition 
to Retransmit Idle state occurred. 


3) When the GA pattern is detected, a secondary station transitions to the Idle state even though it does not have 
transmit data (refer to Figure 2). When this occurs, the above operation needs to ie are to return to the retransmit 
idle state, since writing ‘‘0’’ to the GOP bit could cause prookms:: 
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8 paced oe station initialization 
¢ MIOL €— °7EH" 





TX disable state 


TX enable command issued 





Retransmit 
idle state 
| Idle state 
| 
TX reset command issued | 
MIDL €—= °7EH | 
TX disable | | | 
state | 
| TX enable command issued | __ | 
Figure 4, State transition control flow at bit synchronous loop mode 
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“techNotes Notes on HD64180S (NPU) Bit-Sync Loop Mode 








Flow Chart 


Figure 4 shows the flow chart of the transmit operation in Bit Synchronous Loop Mode using the recommended 
software countermeasure. 7 


Notes: 

1) Condition branches in the flow chart occur as a result of interrupts, or by CPU polling. 

2) Operation shown in the box marked A replaces writing ‘‘0’’ to the GOP bit. 

3) The GOP bit is always ‘‘1’’, so a secondary station transitions to an Idle State when the GA pattern is detected in 
the Retransmit Idle State whether or not transmit data is available. When this occurs, operation should return to the 
Retransmit Idle State by clearing the Go Ahead Pattern Detect (GAPD) bit of MSCI Status Register 1 (MST1). 
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Port A Register Programming 


Tech Notes 
Application Engineering 


Marnie Mar 


Writing to the DERA (Port A Disable Register) can affect the values programmed into the DDRA 
(Data Direction Register A). For instance, if the DDRA is programmed to set up directions for the 
I/O port pins, and the DERA register is later programmed with a value, it is possible for the DDRA 
value to change causing the data directions for the I/O pins to change. 


To ensure that the directions of I/O pins are preserved, the following steps should be taken: 


SECTION 


1. DERA should be programmed prior to programming the DDRA. 





2. If the DERA is reprogrammed, the DDRA should also be reprogrammed. 
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Effect of TMA2 on Timer A Operation 


Tech Notes 
Application Engineering 





Amelia Lam 


In the Compact 400 series, Timer A can be configured by mask option in two operation modes, namely 
Free-running timer or Watchdog timer. According to the databook, bit 3 of the Timer Mode Register. 
A (TMA) is used for “TCA initialization for watchdog timer”. This technote is to explain the usage 
of this bit 3 in watchdog mode, and the additional feature it provides in free-running mode. 


Timer Mode Register (TMA) 


This is a 4-bit write-only register. The prescaled input clock to Timer A is determined from bit0 
to bit2, and bit 3 is for resetting the counter TCA. — 


Ee 
Sa 


A | Input clock selection for free-running timer 
(1/2, 1/4, 1/8, 1/32, 1/123, 1/512, 1/1024, 1/2048) 


SECTION 





TCA initialization for watchdog timer 


Watchdog Timer | 


In the watchdog timer mode, Timer A counts up on every 1/2048 of the system clock signal and 
generates an overflow when the counter reaches FF, causing the MCU to reset at the same time. 
Therefore, TMA3 is used to reset the counter before the overflow situation occurs. 


_. TCA=FF 






TMAS is set to 1- -» 
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Free-running Timer 


In the free-running timer mode, Timer A counts up on the clock signal selected by the TMA register. 
As soon as the counter reaches FF, it generates an overflow and sets the interrupt request flag. Timer 
A is then reloaded with 00 and starts counting again. But if TMA3 is set, the counter will get reset 
before it has the chance to reach FF, thus defeats the purpose of Timer A serving as a free-running 
timer. The databook refers this phenomenon as “ the MCU malfunction”. In fact, it is the timer, 
not the MCU, that is being referred. The real issue is the counter does not function as expected in 
the free-running timer mode. On the contrary, setting this bit 3 provides an additional feature, an 
event counter for Timer A in the free-running mode. 


_. TCA=FF 
y v v 
ph A A A 
” TCA=00 
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4-Bit ZTAT Microcomputer PROM Programming 


Tech Notes 
Application Engineering 





Amelia Lam 


The on-chip PROM of the HMCS400 ZTAT microcontrollers is programmed in the same way as a 
standard 27256 EPROM does. Since each instruction of the HMCS400 is 10 bits wide, a special 
programming sequence is employed in order to properly convert a 10-bit program code onto an 8- 
bit memory locations. 


However, there may be times when the PROM programmer reports a device or programming error 
even there isn't one. This may be caused by some of the records in the object file not having the entire 
memory space occupied with data. After the object file is downloaded into the PROM programmer, 
those unoccupied areas are then filled: with data of '00' byte. This violates the HMCS400 
programming specification which requires the upper three bits of each byte be ‘111’. 


The following text illustrates a method to circumvent this problem. 


SECTION 





ZTAT Vs 27256 EPROM Code Assemblying 
By using the Cross-Assembler, the 10-bit-instruction source code will be transformed into an 8-bit 
object file ready for downloading. This is done by splitting 10-bit word into two halves and each 
half is padded with *111’ in the most significant three bits to form a byte. 
If an 8-bit EPROM is used for programming, the command is: 

“ASSEMBLE filename “ 


this will create two 8-bit wide files to be burned into two EPROMs; one contains all the even address 
code, and the other one contains all the odd address code. 


















I | u 


EPROM EPROM 
nK x8 nK x8 
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“Tech Notes 4-Bit ZTAT Microcomputer PROM Programming 


If the ZTAT is used for programming, the command is: 7 
“ASSEMBLE filename /P” - 


this will generate an object file ‘xxx.P’ which contains both odd and even addresses interleaving with 
each other. 
3 bits 5 bits 


2nk 
m3 
m2 
m+-1 
m 


XXKP file 
_ Downloading | 


When using a menu-driven software such as “PROMLINK” for downloading, first fill the 
programmer RAM space with FF prior to loading with the object code. This ensures all ones in 
the most significant three bits on each byte even after 00 is loaded to the RAM. 


PROM Programming | 

Adjust the operation boundaries by setting the device block size to the code size. Instead of 
programming the entire ROM which the ZTAT part comprises , it only program the selected ROM 
space. By doing this, it adds efficiency in the burning process. 

Alternative 

Besides filling the programmer RAM with FF, an alternative to eliminate the gap between each record 


is to pad the source code with FF so that the starting address to the endin g address of a whole record 
will have data in it. 
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HD404272 User Cable Conversion Board SW1 Pin Layout 


Tech Notes 
Application Engineering 





Amelia Lam 


HS4274ECS28H is a User System Interface Cable connecting to a general-purpose target probe 
(HS400ETA01H). Itis used specifically for the high-voltage I/O Compact device HD404272 family. 

The unit includes a conversion board with header plugged into the target probe, one set of flexible 
ribbon cables with 28-pin shrink DIP connector plus protection socket, a power supply cable and a 
spare protection socket (No.3). 


Rather than software programmable, the high-voltage pins on this user cable must be fixed to either 
input or output. The way to do this is by means of the on-board switches (SW1, SW3 & SW4). 
However, there is a mismatch in the SW1 awatem layouts between the schematic and the board itself. 


On the schematic of the HS4274ECS28H user’s manual, the SW1 pinouts are connected to the 
databus as follows: 


4 
a 
. 2a! 

- 39! 
4_ 11 
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HD63484 ACRTC AND HD63487 MIVAC Data 


Tech Notes 
Application Engineering 





Kash Yajnik 


Q/A, Test, and Reliability Information 


The most frequently requested Q/A, test, and reliability data by the Hitachi customers using the parts 
listed above, is summarized below; 


1.0 ACRTC (HD63484) - Transistor Count = 117,000 
2.0 MTBF 
0 HD63484 (ALL Packages) = 3.8 x10 ° Hours at T, = 55, and 
Confidence Level = 60% 


0 HD63487 (ALL Packages) = 3.4 x10 ° Hours at T, = 55 ©, and 





Confidence Level = 60% 
3.0 ACRTC (HD63484) - Junction to Case Thermal Resistance 3 
PRODUCT PACKAGE COMMENT 0. 
HD63484P8 DP-64 Plastic DIP__ 75 ¢/ W 
HD63484-8 DC-64 Ceramic DIP 35 °/ W 
HD63484CP8 CP-68 PLCC 45 </ W 
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4.0 ACRTC (HD63484) - Power Consumption Vs Speed 


SPEED I(Max) @ V.=+5V5% 
9.8MHz 120 mA 
8 MHz | 100 mA 
6 MHz 80 mA 
4 MHz | | 60 mA 
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HD63484 ACRTC 


Tech Notes 


Application Engineering uiiiode 


PRODUCT .: HD63484 ACRTC 


Mask History 


The details of limitations on the usage of the "R", "S", and "U" mask are shown below 
along with the product mask diagram for identifying different masks. 


M@ HDG6G3S484 ACRTC Limitations on Usage 


The status of the item numbers described in this paragraph is summarized in the following 


table. | 
Limitation on the ACRTC function. 

No. Limitation for the ACRTC function R Mask S Mask U Mask 
1 ight Pen interface Unusable = Usable Useble 
2 RS Signal during OMA Transfer Unusable Usable Usable 

3 AREA Mode for AFRCT, RFRCT and PAINT Cormmaends Unusable Usable Usable 
4 DRD Command Unusable Usable Usable 
§ OMOD Command Unusable Usable Usable 
6 PAUSE Bit Unusable Usable Usable 
7 AS Output Timing during Zooming Unusable Usable Usable 
8 BLINK Feature Unusable Usable Usable 
9 CLR, WT and OWT Command Unusable Usable —-_ Usable 

10 Writing to Registers during ORD Command Execution Unusable Unusable Usable 

11. © Command OMA Transfer Mode Unusable Unusable Usable 

12 Tiling Using the PAINT Command Unusable Usable Usable 

13 Displsying WINDOW Unusable Unusable Usable 

14 PARAMETERs for ELLIPSE Command . Unusable Unusable Unusable 

1§ PARAMETERs for ELLIPSE ARC Command Unusable Unusable Unusable 

16 Light Pen Strobe Detect (LPD) Status Bit Unuseble Unusable Usable 


Lot Number R: indicates R mask version 
S: indicates S mask version 
U: Indicates U mask version 


@eOO00 R R indicates R mask version 


HD63484 





Figure NS Product Mark 
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EV63487 


Technical Brief 


~MIVAC Evaluation Board 


The EV63487 MIVAC valuation Board was designed by 
Hitachi Europe Ltd., Munich, Germany, and can be ordered 
through Hitachi America Ltd. in U.S.A. The board is shipped 
ina foil cover witha User Manual, and the associated software 
diskette capable of demonstrating graphics patterns on a 6.3" 
or 10.4" TFT color Liquid Crystal Module from Hitachi. 


Up to eight colors may be displayed depending upon the | 


selected LCD panel from Hitachi's ELT Division. The 
EV63487 MIVAC Evaluation Board can reside inside IBM 
PC-AT or a compatible system running later than DOS 
version 2.0. Itis also possible to run the EV63487 Board with 
an external power supply. This board takes one slot in the 
chasis and its size is half that of the standard card. The back 
light power is also supplied by this card. Identical color 


- images can be displayed on the CRE monitor as well as the 


color LCD panels. 


The EV66387 Evaluation board uses Hitachi's Advanced 
CRT Controller (ACRTC) HD63484, and Memory Interface 
Video Attribute Controller (MIVAC) HD63487. This board 
has no LCD controller part as the CRT data is serially sent to 
the color panel for display. 


Section . 
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This technical brief is written to complement the EV63487 
User's Guide for one specific application using the 6.3" color 
TFT module (TM16D01HC) from Hitachi's Electron Tube 
Division (ELT). A copy of the schematic is also included to 


provide the design implementation detail. A system diagram 
-is also included to high light the laboratory environment. 


Similarly, each user may tailor display subsystem aeUEe: 
ments for the desired application. 


The scope of this document is to help make the design task 
easier and quicker. The circuit minimization tasks are left to 
each user and are not attempted. This is intended as an 
illustrative example for the Hitachi field and technical staff, 
and their customers. 


The following pages cover system configuration and compo- 
nenents, EV63487 Board set up, System debug, and Demon- 
stration software. The Appendix "A" covers LCD cable and 
the Appendix "B" shows the Back light power connections. 
The Appendix "C" lists the schematic. 


Refer to the subsequent pages for more detail. 


| 


HITACHI | 
2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « 


(415) 589-8300 





EV63487 


SYSTEM CONFIGURATION 


Technical Brief 


The development system was configured with IBM PC-AT or compatible machine, Paradise Autoswitch EGA 
480 card, EV63487 MIVAC Evaluation Board, Smartscan Amdek 735 digital color monitors, and Hitachi TFT 
active matrix, 8 color, 6.3" LCD display (TM16D01HC) from the ELT division. The 9 pin TTL video cables 
required to provide CRT video signals from the EV63487 Evaluation board or the Paradise video board are 
not provided. The MIVAC Evaluation board output connector cable to the 6.3" TFT display is shielded to 
increase noise immunity and to make the LCD display connection task easier. A separate +12V DC cable is 


also required for the back light option (#BLS-006M). The back light is easily mounted with the four corner 
screws of the 6.3" TFT display. 


The system diagram is shown below : 


PARADISE EV63487 
Aen CRT MIVAC 
_ CONTROLLER EVALUATION 
SMARTSCAN meee 
1H 
TTL 


SECTION 












AMDEK 


SMARTSCAN 
o Cc 1 “ 


BACK LIGHT 
OPTION 


NOTE : 10 "Ci"="C2"="C3" ="C4" cables are not provided. 


HITACHI 
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SYSTEM COMPONENTS 


The hardware components are described in this section while the "C3 "," C4", cable wiring diagrams and 
schematic are shown in the Appendices. 


PC-AT: AST Premium 286 model 70 was operating at 10 MHZ, with 512KB memory, 20MB hard disk drive, 
and 1.2 MB, 5.25 " floppy drive. It was also running DOS version 3.2. 


VIDEO CONTROLLER : It provides the video signals to the Amdek monitor # 1 over the cable "C1". 
Paradise Autoswitch EGA is card used in the CGA mode at (640H x 200V) resolution to generate the TTL 
level signals to the monitor. The switch settings for 80 column, RGB monitor in CGA mode are shown below 
in its diagram: | 





NOTE: 1.0 For more details refer to the Paradise CRT controller manual. 
2.0 Make sure this switch is correctly set. 


EV63487 MIVAC EVALUATION BOARD 


This board has no switches and its settings are builtin. So, please refer to the EV66841 User's Guide for details. 
Only the 6.3" TFT LCD display was used, eventhough the manual describes the 10.3" display. 


The EV63487 board provides TTL level output signals'carried by the 9 pin cable " C2" to the the video monitor 
Amdek #2. The R,G,B, HSYNC, and VSYNC signals are included in that cable. The output signals are also 
sent over the 34 pin cable " C3" to the 6.3" TFT, 8 colors, Hitachi display. This board also supplies +12 Volts 
required by the back light through the cable " C4". | 
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HITACHI COLOR LCD TFT MODULE (TMI6DO1HC) : 


Refer to the display data sheet for detail. The page 14 of it shows how the sub-pixels are designated for LVIC 
HD66841 interface with 160 dots (H) and 200 dots (V) resolution. The cable " C3 " provides the signals to 
the display while cable " C4" provides the back light power. The display tilt and swivel angles provide different 
contrast ratios in the ambient light, so it should be adjusted for the most desirable viewing angle. 


AMDEK MONITORS 


The two CRT color monitors #1 and #2 are used in the CGA mode. They show the DOS commands dialogue 
on monitor #1 while the monitor #2 displays the demonstration program output. Observe that the monitor #2 
and the 6.3" TFT display show identical color images in the 640H x 200V mode. 


SYSTEM DEBUG 


_First power up the system in CGA mode using the AMDEK color monitor #1 and the EGA board. Only the 
cable "C1" is plugged while the cables "C2", "C3", and "C4" are not connected effectively disconnecting the 
6.3" TFT LCD display. After the system is up in the CGA mode, with a DOS prompt, verify that it works 
correctly. Then reconnect the EV63487 board cables "C2", "C3", and "C4". Also, verify that the cable "C2" 
is properly connected to the display, since there is no key in the connector. If the cable "C4" is properly 
connected, back florescent light should come on and it is clearly visible. | 


SECTION 


If every thing is working correctly, one can execute all the DOS commands when appropriate prompts are | 
displayed on the CRT monitor #1 screen. 





DEMONSTRATION SOFTWARE 


After DOS 3.2 or later is installed, load the programs from the software diskette after creating MIVAC and 
SOURCE directories. Modify the AUTOEXEC.BAT file to run file INI20-32.EXE to initialize the ACRTC 
(HD63484) and the MIVAC (HD63487) from Hitachi. After the initialization program is run, execute the 
DEMO200.EXE program to show identical graphic images on the color 6.3" LCD panel as well as the video 
monitor #2. 


The AUTOEXEC. BAT file sample is shown below: 

PATH = CA;CNDOS; 

SET PROMPT = $P$G 

CLS 

CAMIVACEV63487MINI-32.EXE | : | 

ECHO HIT RETURN FOR TFT DEMO | - | 
ECHO OTHERWISE TYPE “C 
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DEMONSTRATION SOFTWARE (CNTD.) 


PAUSE _ 
CAMIVAC\EV63487\DEMO200.EXE 


The DEMO200.EXE program screen output on the DOS monitor #1 is described below: 

1.0 1000 Random filled circles 

2.0 1000 Random filled rectangles 

3.0 1000 Random rectangles 

4.0 Lines 

5.0 Color bars 

6.0 16 filled ellipses 

7.0 Logo 

The corresponding images should be displayed on the 6.3" TFT color LCD display as the demonstration 
preeam is executed in the IBM PC-AT or compatible machine. 
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The 34 pin LCD shielded cable " C3 " is shown below : 


APPENDIX "A" 


Technical Brief 


TMI6D01HC 
EV63487 BD | aEpispead 


V2 (-20V) 
(+5V) 


Vopa 
NC 
IMO (+5V) 
IM1(G) 
DOTE 
VSYNC 
HSYNC 


DTMG 


QAaRARQARA2A 


Pin 1 
Pin 3 
Pin 5 
Pin 7 
Pin 9 
Pin 11 
Pin 13 
Pin 15 
Pin 17 
Pin 19 
Pin 22 
Pin 23 


Pin 25 


Pin 27 
Pin 29 
Pin 31 
Pin 33 


1 C3 " 





Pin 2 


Pin 4 | 


Pin 6 

Pin 8 

Pin 10 
Pin 12 
Pin 14 
Pin 16 
Pin 18 
Pin 20 
Pin 22 
Pin 24 
Pin 26 
Pin 28 
Pin 30 
Pin 32 
Pin 34 
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Vin (-20V) 
Vopa (+5¥) 
Vop (+5V) 
Vip (+5¥) 
Vop (+5V) 
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QoQan QQ 


RN 
RED 


BLU 


DCLK 
LCLK 
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APPENDIX "B". 





Back light power cable "C4", " C1", and" C2 " are shown in this Appendix : 


EV63487 MIVAC EVAL BOARD 


6.3" TFT COLOR DISPLAY 






DC-DC CIRCUIT 


‘ C4 " 


NOTE: Back light power is to be externally supplied through the " C4 " cable. 


"C1" AND" C2" CABLES : 


They are atached to the two monitors and are provided by Amdek, the manufacturer. 
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APPENDIX "CC" 


This section shows a copy of the schematic supplied by Hitachi Europe Ltd., Munich. Germany. It is inluded — 


for reterence and completeness. 


DC-DC converter; 


+12V (from IBM PC bus) 





22 pF/25V 


- 20 V 


1000pF/2SV 
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APPENDIX "C" 


This section shows a copy of the schematic supplied by Hitachi Europe Ltd., Munich, Germany. It is merely 
included for reference and completeness. 
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MIVAC Evaluation Board | 


This document presents information for a 6.3" or 10.4" color active matrix LCD subsystem impiementation using Hit: <hi semi 
conductor products ACRTC .HD63484 and MIVAC HD63487. Its major components include IBM PC-AT, EV63487 MIVAC 
Evaluation Board, Paradise Video Controller Board, and the color LCD display (TM16D01HC ) from Hitachi's ELT Division. It 
can be further enhanced by adding demonstration software that runs on the IBM PC-AT or a compauble machine. 










M@ FEATURES 


--Hardware-- 

(1) IBM PC-AT or compatible machine 

(2) EV63487 MIVAC Evaluation Board from Hitachi Europe in Germany. 

(3) Color LCD 6.3" Actuve Matrix display from Hitachi with Back Light option 
(4) Paradise Video Controller Board 


--Software-- . 

(1) DOS 3.2 Version or later 

(2) ACRTC and MIVAC Inilialization programs 

(3) Source code for the programs in " C " or BASIC 

(4) Demonstration programs for 6.3" or 10.4" TFT active matrix color LCD display 


/ 
PARA Se evee+e7 
= padps LUATICON 
ache an, 
CONTROLLER = ape 
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OPTicr 





™@ OBJECTIVES 
(1) To display EV63487 MIVAC Evaluation Board 
. (2) To demonswate 6.3” color active marrix display 


(3) To show demonstration software running on the EV63487 MIVAC Evaluation Board 
(4) To high light PC-AT bus interface 


™@ ADDITIONAL INFORMATION 


The details of the system configuration and its design along with the associated software, are available in the Hitachi 
America Ltd. Technical Brief #TB0101. 
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HD44780 / LCD PANEL 


Design Tutorial 
H8/325 Application Note 


OVER VIEW 


This tutorial is written to complement the H8/325 micro 
processor literature and also illustrate the HD44780 devel- 
opment for one specific application i.e. interfacing to a 
selected number of LCD panels from Hitachi's ELT Division. 


A copy of the schematic and software listing is included to 
provide the design implementation detail. A system diagram 
is also included to high light the laboratory environment. 
Similarly, each user may tailor requirements for the desired 
application. 


The scope of this document is to help make the customizing | 
task easier and quicker. The circuit minimization tasks are left 
to each user and are not attempted. This is intended as an 
illustrative example for the Hitachi field and technical staff, 
and their customers. The H8/325 Series Model-I ASE (Adap- 
tive System Evaluator) was designed by Hitachi Ltd., Tokyo, 
Japan, and can be ordered through Hitachi America Ltd., in 
U.S.A. The associated Emulator Box (HS328ABX01H) for 
H8/325 microprocessor based product development was used 
to send digital information. A HD44780 LCD Controller 
Driver located on the Hitachi panel from Electorn Tube (ELT) 
Division, Chicago, Illinois, processed the displayed message. 


Black and white character information can be shown on 
selected LCD panels from Hitachi's ELT Division. Among 
the many products offered by the Hitachi's ELT Division, for 
this application, LCD panels LMO16XML, LMOI6L, 





March, 1992 


Kash Yajnik 


LMO041L, LM044L, and LM0S54 were selected and tested. 


An Emulator Inter connect Board is required to enable the H8/ 
325 ASE totalk to the LCD display panels. The character data 


-issentto the LCD panel for processing as well as display. The 
_ HD44780 LCD Controller Driver from Hitachi, SICD, lo- 


cated on the panel, processes the data sent by. the Hpiae° 


development system for display. 


The H8/325 Emulator Interconnect Board resides on a bench 
connected to a LCD panel. The other end of the board is 
connected to the H8/325 Emulator User probe. Italsorequires 
external power supply. After power on, a demonstration 
program is loaded in the ASE system. Itis then run to display 
a character message. 


The following pages cover system configuration and compo- 


nents, H8/325 ASE Development System, Hardware Design, 


Software, and Demonstration Program. The Appendix " A " 
covers H8/325 ASE system details, and the Appendix " B " 
shows the Emulator Interconnect Board schematic. Also, 
Appendix " C " lists the LCD Panel data sheets, and Appendix 
"D" shows the H8/325 Initialization software listing. The 
appendices "E",and "F" show HD44780 code listing and the 
reference literature respectively. 


Refer to the subsequent pages for more detail. 
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Application Note 


INTRODUCTION : 


This section describes the design goals and provides a 
general overview of this presentation, along with a software 
development listing. 


The design goals established for this project are briefly 
listed below: 


Oo To use H8/325 ASE system with software. 

oO To display with LMO16XML, LMO16L, LM041L, 
LMO044L, and LMO0S4 panels from Hitachi. 

) To display four data bytes in the character mode 
using HD44780. 

) To design Emulator Interconnect Board. 

) To write programs for debug and test. 


~HD44780 / LCD PANEL 


) To use Hitachi H8/325 Emulator and User probe. 


O To use readily available software at Hitachi Field 
Offices for development. 
O To generate HD44780 / LCD Panel Tutorial. 


A brief description of the LCD display system components 
listed above is provided in the next section as an overview. 
To complete the overview, a system block diagram is also 
presented. The rest of the sections described in the Table 
Of Contents are expanded in greater details along with their 
programming data. The Appendices give additional 
information, the program listing, and also list the referenced 
literature. A copy of the Emulator Interconnect Board 
schematic is also provided to illustrate the implementation 
details of this application. 





‘SYSTEM CONFIGURATION 


The display system was configured with H8/325 ASE Unit, 
Emulator Box, User cable, and a variety of LCD panels from 
the ELT Division, along with an Emulator Interconnect Board. 
The required cable lengths are shown in the schematic for 
CMOS signal levels. The LCD power pins are a part of the 14 


pin panel cable, so a separate power cable is not required. 
The system block diagram for the Emulator Interconnect 
Board is shown in the Appendix "B ". The system block 
diagram is shown below in Figure 1: 


HS/3s25 ASE SYSTEM 








HITACHI 
H8/326 


ASE 
COMPUTER 


H8/326 
EMULATOR 






NOTE: 


1.0 The required ASE and Emulator cables are provided by 


Hitachi Ltd. 
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LLCO PANEL 


FIGURE 1 
2.0 The Emulator Intercconnect Board power and panel cables 


are built from the available documentation. 
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SYSTEM COMPONENTS 


The LCD display system components such as H8 /325 ASE 
Unit, Emulator, User cable, Emulator Interconnect Board, a 
variety of display panels, External Power Supply and the 
related software are described in this section. 


H8/325 ASE Unit : This product was designed by Hitachi 
Ltd., Tokyo, Japan. It is used as a demonstration and develop- 
menttool. Refer tothe Appendix " A " for its features and other 


details including a picture. The system software allows line 


assembly, disassembly, editing, trace, break setting, and other 
debug facility. 

It is used in transparent mode and the host port is connected to 
a VAX computer. The CRT port is connected to DEC VT320 
terminal. The Motorola S record compatible programs are 
loaded by 1.2 MB, 5 1/4" diskette. They are run to develop the 
code and associated demonstration software. The ASE is run 
at the emulation clock speed of 7.3 MHz and H8/325 mode 2 
operation. The development system comes with ASE system 
program, control program, configuration file, edit command 
program, and diagnostic program. For more details, refer to the 
ASE manual ( HS328ASE01HE). 


LCD Display Panels : These character display panels 
are provided by the Hitachi's ELT Division. Although, 
LMO16XML, LMO16L, LM041L, LM044L, and LM054 pan- 
els were used and tested in the laboratory, most of the code 
development was done using LMO16XML. The appendix " C 
" lists the panels and their features. Their cable pin outs are 
identical and so, switching between them is easier. Note that 
the display orientation for panels LM041L and LM044L is 
upside down from the other panels. The same demonstration 
program was run on all the LCD panels toshow "S","I"," 
C",and"D". 

All the panels mentioned above are capable of displaying 1 or 
2 or 4 lines of eight or sixteen or twenty 5x7 alpha numeric 
characters. Their resolution varies from 40 dots to 100 dots 
in width and 8 dots to 32 dots in height. The duty cycle may 
be 1/8 or 1/16. 

The parallel data may be clocked in at a maximum " E "clock 
rate of 1 MHz. They run from +5V power supply. The 
customer has to solder 14 pins on each of the panels for the 
appropriate connector used on the Emulator Interconnect 
Board. The LCD panel mounting and the proper viewing 
angles are critical to a strain free LCD display. Please, handle 
the panels according to the care recommended by the LCD 
display manufacturer. The logic signals sent to the LCD panel 
are at CMOS levels. 
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Application Note 


Emulator Interconnect Board : A wire wrap board 
was built to send parallel data, control signals, and power to the 
LCD panel over the "L1" cable. The 64 pin male DIP User 
Cable was connected to the DIP socket on the Emulator 
Interconnect Board. The LCD panel contrast adjust potenti- 
ometer was also put on this board. The data bus and gating 
logic were also located. The power on reset pulse was provided 
by the H8 /325 Emulator unit. Refer to the Appendix " B " - 
its schematic. 


Power Supply : Open frame switcher power supply from 
Kepco, Model # ECM-021K-CB was used to power up the 
Emulator Interconnect Board as well as the display panel. Its 
rating was +5V @ 2A, +12V @0.3A, and-12V @0.2A. Note 
that the Emulator also sources poweras shown in the schematic 
in Appendix " B " 


Software : The H8/325 ASE system and PC resident 
software development tools, packages, and utilities are de- 
scribed very briefly: 


H8 /325 Cross Assembler : It is designed for DOS environ- 
ment inside the IBM PC-AT compatible Personal Computer. 
When the user program is submitted as the source file, it 
assembles the code. Consequently, it produces Object and List 
files of the source program. 


H8 / 325 Linker : To link various object code segments (" 
* OBJ " extention) developed in parallel for a larger program. 
The linked file has " *.ABS " extention. Motorola" S "record 
conversion utility is also included with the linker, and is used 
as output file with " S " record format. 


Load : ToLoad" S " Record file " INIT780B.ABS ", after the 
ASE system is powered up, the floppy load command shown 
below is issued: 

‘FL INIT780B.ABS;S 


NOTE: H8/325 ASE COMMANDS ARE NOT DOS 
EQUIVALENT. | 


‘Demonstration File: After the program file " INIT780B.ABS 


"is loaded from the floppy diskette, the following commands 
are given to run the program: 

pc 300(CR | 

: go ER] 

Screen Editor : Any word processing package is acceptable. 
In this application, Microsoft "WORD" package was used. 


The source programs are created and edited with this package. 
The source program files have " *.SRC " extention. 
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HARDWARE DESIGN 


This section covers H8/325 microprocessor design high lights, 
H8/325 initialization, operation mode selection, I/O port 
assignments, and HD44780 design guide lines. 


-H8 / 325 MPU Design : This HD6473258 product was 
designed by SICD, Hitachi Ltd., Tokyo, Japan. Refer to the 
‘Appendix " F" for all the required product design manuals for 
the associated circuit design. Only high lights are addressed 
in this illustrative application, since LCD controller peripheral 
design is the main goal. 


H8/ 325 Initialization : Refer to the Appendix " D " for code 
sample. This program was developed to scope the H8/325 
waveforms in operating mode 2. The" E" and" ¢" clocks were 
measured. RESET Emulation command can be issued used 
during the debug process as required when ASE is used. 


"E " Clock Determination : The maximum " E " clock rate 
of 1 MHz is specified in the panel specs. as well as the 
HD44780 data sheet. Based upon it, the maximum " ¢ " rate 
of 8 MHz is established. Therefore, the H8/325 crystal should 
be set at 16 MHz. Then ASE system is used, the " ¢ " clock is 
set at 7.37MHz using the CLOCK Emulation command. 


Operating Mode Selection : Operating Mode 2i.e. Expanded 
mode with on chip ROM ( 32 K Bytes) address space was 
chosen. The associated external address space and address 
map is defined in the H8/320 Series Hardware Manual. The 
peripheral addressing is memory mapped, so please refer to it 
for details. : 

The H8/325 " E " clock timing generation was done by this 
MPU and so external logic was not required. This is one of the 
strengths of the Hitachi H8/320 Series micro processors. It 
was decided to exploit this feature. 


I/O Port Assignments; The operating mode 2 selection also 
pre determined the I/O port selection. They are briefly 

summarized below : | 

o Ports 1 and 2; Address Bus 

o Port 3; Data Bus 

o Port 7 ( Partly) ; Bus Control signals 

o Port 4 (Bits 6 and7); "9" and" E" Clocks 


HITACHI 
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oO Port 5; Serial Communication 
o Port6; Interrupt Request and Free Running Timer 


All the ports were listed to make sure that they were initialized 
correctly ( specially port 7 ) to match the input output 
requirements of the HD44780 on the LCD panel. 


HD44780 LCD Controller Driver : The reset condi- 
tions and busy flag check areas are discussed for more clarity: 


Reset: The internal reset conditions or the hardware chip reset 
signal, timing sequence is specified in its data sheet. They are 
based upon the VCC on or off power sequence. If these can be 
assured at all times, no other reset e.g. software reset, is 
necessary for the panel. However, in case of doubt or for 
reliability purposes, a software power up sequence specified in 
the HD44780 data sheet may be executed. When contrast pot 
is correctly set, the panel will power up with visible character 
grid but no character display. Note that the software reset 
sequence depends upon 8 or4 bit MPU interface. However, for 
this application 8 bit software reset flow chart was used. 


Busy Flag Check : The HD44780 instruction execution times 
are shown in a table in the data sheet. When the software is 
designed to ensure that these execution times are guaranteed 


_, to meet or exceed the specifications, no busy flag check is 


required. This willreduce the software code size but will not 
optimize the panel data transfer rate. Since, minimizing the 
LCD data transfer delay was not one of the objectives of this 
application, busy flag was not checked. The associated 
software had the built in delay to exceed the table of required 
instruction execution times. 


LCD Display Panels : Although, LM016XML,LMOI6L, 
LM041L, LM044L, and LM054 panels tested in the Applica- 
tions Engineering Laboratory, refer to the LMO16XML specs 
for the remainder of this tutorial. The software coding was 
developed with it in mind. Minor panel dependent code 
changes are not shown and are left to each user for customizing 
the desired panel. | | 
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SOFTWARE | 


This section covers HD44780 software initialization code as HD44780 Initialization ; The data sheet defines the 
well as the command sequence flow chart. For more coding desirable flow chart for 8 bit initialization sequence. However 
details refer to the associated listing for the demonstration _ the actual implementation code is shown below : 

program " INIT780B.ABS " in the Appendix " E". 


cere - 8 BIT 





FUNCTION 
SET COMMAND 
30H 





FIGURE 2 
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HD44780 Initialization : 


This is continued in Figure 3 from the previous page : 


TRUCTION - 8 BIT 
FACE 





FUNCTION 
SET COMMAND FOURTH INSTRUCTION - 1/16 
3F DUTY CYCLE 


_ SECTION 





DISPLAY AND 
CURSOR ON NSTRUCTION - 
COMMAND OEH & CURSOR TURNED 





FIGURE 3 
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HD44780 Initialization : 


This is continued in Figure 4 from the previous page : 


ENTRY MODE 
SET COMMAND [| SIXTH INSTRUCTION - ENTRY 
06H MODE SET 





RETURN HOME 





COMMAND 02H SEVENTH INSTRUCTION - 
RETURN HOME 
NO 
SET DDRAM . 
ADDRESS EIGHTH INSTRUCTION - SET 
COMMAND 80H DDRAM ADDRESS 





WAIT 40 us 


NO 


INITIALIZATION OVER 





FIGURE 4 


Section | HITACHI 24 
28 4 Hitachi America, Ltd. * San Francisco Center * 2000 Sierra Point Pkwy. Brisbane, CA 94005-1819 * (415) 589-8300 





Application Note HD44780 /LCD PANEL 





HD44780 Data Transfer : 


This is continued in Figure 5 from the previous page : 


INITIALIZATION OVER 


WRITE 
CHARACTER 
CODE FOR DATA INSTRUCTION - 

"Ss" sae eoee CODE 53H FOR 














No 
WRITE 
CHARACTER 
CODE FOR DATA INSTRUCTION - 
"I" Sane r eee CODE 49H FOR 
. NO 
WRITE 
CHARCTER 
CODE FOR DATA INSTRUCTION - 
"cr" CHARCTER CODE 43H FOR "“C" 
WAIT 40 uS 
NO 
WRITE 
CHARACTER 
CODE FOR DATA INSTRUCTION - 
"p" concee CODE 44H FOR 
SLEEP 
COMMAND H8/325 SLEEP COMMAND 
ISSUED 


FIGURE 5 
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Features + Realtime emuiation 


¢ A wide selection of emulation commands, promoting efficient development for many functions 
¢ Operability as a stand-alone system, connected to an RS-232C interface console 
* A 5.25-inch floppy disk drive, which facilitates: 


-—— Loading, saving, and verifying user system memory contents 
— Saving emulation resuits 


— Input, edit, and execution of commands using a floppy disk for external storage 


An RS-232C interface to a host system which enables: 


— Using a host system console as an ASE console 
— Loading, saving, and verifying the user program using host system facilities . 


A Centronics printer interface for printouts of emulation resuits. 


Usability of the ASE station compatibility with all H-Series microprocessors 


HELP functions to assist command usage without a manual 


* Command execution during emulation (called parallel mode), for example: 


—— Trace data display 
— User memory display and modification 


* Memory and clock options 


— Emulation memory (substitute user system memory) : 64 kbytes 
— Clock (emulation clock): 3.6864 MHz, 4.9152 MHz, 7.3728 MHz, and 9.8304 MHz 


Section | | HITACHI 
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Transparent mode 


Console 





Printer 





ASE Components 
Printer intertace cable (Centronics-specification) 







Host interface cable (RS-232C) 


apenennes. 
CRT intertace cable (RS-232C) 





ASE station 
z 
2) 
= 
XN oO 
C4 Liu 
ia aa ; 
{ 
5.25-inch floppy disk drive 


Emulator box 


\ 


v—™ | 
ey 
External probes (8) 


Usersysien ee 


interface cable 
MPU connector YRS 
See 
as 
| User system 
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HD44780 / LCD PANEL 


APPENDIX "C" 


LMO16XML 


® 16 character x 2 lines 
® Controller LS! HD44780 is built-in (See page 97). 
8 +5V single power supply 


® Color tON@ oc. a ns eb Fs ph ee New gray 

MECHANICAL DATA (Nominal dimensions) 
Module gize........... 84W x 44H x 12T (max.) mm 
Effective display area 2... 1... BIW x 15. 8H mm 
Character size (5 x 7 dots) ........ 296W x 486H mm 
Character pitch... 0... ee 3.55 mm 
DOUS2O ccna etewey oe Cor 0.S56W x 0.66H mm 
WONG ois 4 6.5 Seed ee ood Odds 


ABSOLUTE MAXIMUM RATINGS 
Power supply for logic (Von ~— Ves) 
Power supply for LCD drive 

(Van—-Vo) .....--- 2 eee eee 
Input voltage (Vi)... 
Operating temeprature (Ta) ............ 
Storage temperature (Tstg) .......... 


ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vop = 5.0 V £0.25 V 


INTERNAL PIN CONNECTION 
Pin No. 1 Sympot | Level i Function | 





i L: Instruction code input 


1 . dia mk | H: Oats input 

\ H: Oats read (LCO meaute-MPU) | 
| : | RW | WIL | LE Date write (LCO sie 
, § i §€ iH, HL | Enable signal 


’ Osts ous line 
Note (1), (2) 





In the 1044780, the dats can be sent in either 4bit 2operstion or 
8-dit 1-cperation so that it can interface to both 4 end & bit MPU's. 





Input “high” voitage (Vig)... ee 2.2V min. (1) When interface deta is 4 bits jong, date is transterred using oniy 4 
input “low” voltage (ViL) .. 2.2... 0.6 Vmax. ancl be Poses gti) paler a aC ntat 
ew . the 1044780 and the come w 
richie lea Mertens Soe) hort 202 MAL se 24 vm: Soe twice. Dats of the higher order 4 bits (contents of 
Output low'voitage (Vo_) (lo, = 1.2 mA)... . 0.4 Vmax. 08, ~O8, when interface date is & bits tong) is transterred first 
Power supply current (lpg) (Vop = 5.0 V) .. 1.0 mA typ. and then lower order 4 bits (contents of DB, ~08, when intertace 
3.0 mA max. data is 8 bits long). | | 
Power supply for LCD drive (Recommended) (Vo5—Vo) (2) When intertace data is & bits long, date ts transterred using 6 data 
Range of Von — Vo... -.. 2... ee. 1.5~ 5.25 V 
Nae Coo 72.0 46. Cony ante 4.6 V typ. 
TO 925 Cs 888 cn edna 4.4V typ 
TOS 60'C eeu s taue. 4.2 V typ 
OPTICAL DATA .......... 0. cca -- See page 7 
HITACHI 
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LMO16L APPENDIX "C" 


® 16 character x 2 lines . INTERNAL PIN CONNECTION 
® Contrailer LSi HD44780 is built-in (See page 97). 


® +5V single power suppiy 































1 
MECHANICAL DATA (Nominai dimensions) 2 
Module size ..... Beet ong B4W x 44H x 12T (max.) mm 3 ! | 
i i i L: Instruction code input 
Effective display area ............ BIW x 158Hmm [; RS IG. on. Gewese 
Character size (6 x 7 dots) ........ 2.96W x 4.86H mm a DISRU CORA | 
: . : ! : : Data 
Character ON ges eee ented s 355mm i 5 | RAW j HL | L: Date write (LCD module +MPU) | 
Pte 0 ese yes nds OT ee 0.56W x net He 5 Caabis aol : 
MUNG 5 Bed Sued hd Weep anata aot ewig we ene about 35 g = 7) TE 
ABSOLUTE MAXIMUM RATINGS min. max. — 3g 081. H/L 
Power supply for logic (Von —Veg)... 2. 0 65V 9 © 082 | HL 
Power supply for LCD drive | 10; «0B3 | OM/L Oats bus ine 
Mag Vo) occ ccc cece ..0 65V 2.311 | 084. HL Note (1), (2) 
Input voltage (Vi)... Ves VooV | 12: O88 § HL | 
Operating temeprature (Ta) ............ 0 50°C 43. | ose | WL | 


Storage temperature (Tstg)...... 2... ~20 70°C L_14 ' 087 : H/L | __| 
Notes: 


ELECTRICAL CHARACTERISTICS 


Ta = 25°C, Voop = 5.0 V + 0.25 V In the HD44780, the data can be sent in either 4dit 2-operation or 


Input “high” voitage (Vi4) 6... -, 2.2 Vimin.  8dit 1-operation so that it can interface to both 4 and 8 bit MPU’s. 
Input “‘low’’ voltage (ViL) 2.2... ere 0.6 Vmax. (1) When intertace data is 4 bits iong, date is psa ae hey 4 
high’ busses of 08, ~08, and 08,~08, sre not used. Data transter 
aa rae ia thes ae Neng os ae ah between the 1044780 and the MPU completes when 4bit data is 
ou ut. wee U . 


transterred twice. Oata of the higher order 4 bits (contents of 


Power suppiy current (lop) (Vop 75.0 V) .. 1.0mA typ. DB, ~OB, when interface data is 8 bits tong) is transferred first 





3.0 mA max. and then lower order 4 bits (contents of O8, ~O8, when intertece 
Power supply for LCD drive (Recommended) (Vag—Va) | Gata is 8 bits ong). 
i“ Nes - on (2) When intertece data is 8 bits long, data is transferred using 8 data 
Range of Vop—Vo.............--. 1.5~5.25 V pee or ORS PR: 
Ta2O'C oo... 4.6 V typ. 
Le oe’ 1} on 4.4V typ 
Ta=S0°C ooo... 4.2 V typ 
OPTICAL DATA .................000e See page 7 
Section H ITACH | 
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APPENDIX "C" 


LMO4iL 


e 16 character x 4 lines 



























INTERNAL PIN CONNECTION 
es Controiier LS! HO44780 is built-in (See page 97). 
a +5V single power supply . Pin No. Sree | Leved Function 
1 
MECHANICAL DATA (Nominal dimensions) 2 
Module size ........... 87W x 60H x 12T (max.) mm 3 
Effective display area 2... ww... 61.8W x 25.2H mm H/L L: Instruction code input 
Character size (65x 7 dots) ........ 2.95W x 4.15H mm | : | rs | ‘ H: Oate input 
Character pitch. 2... ee 3.55 mm 5 AW H/L | H: Oate reed (LCO module--MPU) 
Dotsize .................... O.55W x 0.55H mm | a sacl vada atti 
WOON a Sak Oe gett Ching bee kapaew ae about 60g |__§ AO bats Ne AMIRI cls, dae 
eee f | 080 | H/L 
ABSOLUTE MAXIMUM RATINGS min. max. or on ery eye ‘oat | HL | 
Power supply for logic (Vang —Veg) ...... 0 65V: 9 | 082 | Hr | 
Power supply for LCD drive (Vopg —-Vo).... 0 6.5V i 10 | 083 | Hh | Date bus line 
Input voltage (Vip 0. eee Vss VooV (_! [ ose i HA | Note (1), (2) 
Operating temperature (Ta) ............ 0 50°C 12 085 W/L 
Storage temperature (Tstg)........... —20 7o°c | 13° | OBB | HNL 
ELECTRICAL CHARACTRISTICS | i 
Ta®25°C, Vo 9 *5.0V£0.25V Nase: fo 3 
input “high” voltage (Ving)... 2... eee 2.2V min. in the HO44780, the data can be sent in either 4-bit 2-cperation or 
input “low” voltage (Viv) 2... eee 0.6V max. 3-dit 1-cperation so that it can intertace to both 4 and 8 bit MPU‘s. . 
Output “high” vot V a ’ 2 : (1) When interface dete is 4 bits long, data is transferred using only 4 
paieel pie chee pee ie pes a . PY es busses of 08,~06, snd OB, ~08, sre not used. Oats wenster 
L . sae e ° > ; 
dower suboiy cuctent (i (Ven 28.0V) SOMA between the 044780 and the meu completes when 401 dete a 2 
oo o00*9. - ++ 2.0 MA typ. transferred twice. Osta of the higher order 4 bits (contents of oO 
3.0 mA max. DB,~0B, when intertace deta is & bits tong) is transterred first - 
Power supply for LCD drive (Recommended) (Vo 5 —Vo) and then lower order 4 bits icontents of 08, ~O8, when interface © 
Duty = 1/16 data is 8 bits long). 172) 
Range of Vop—Vo....... eee eee 1.8~5.25 V (2) When interface dew is 8 bits tong, data is transferred using 8 dats 
= buses of OB, ~0B, . 
TORO Che tas os Ghee 4.6 V typ. 
LE Ly | i, Ca a ee 4.4V typ. 
TaSSO: 6 ick Bong so abo 8 ok 4.2 V typ. 
OPTICAL DATA .... 2... ee ee See page 7 
| DISPLAY POSITION AND OD RAM ADORESS 
Peep rye le tein ii pai fee 
@1 (ez (a3 |9¢ jes jee 187 \88 168 wa 188 (ec {so tes ioe 
CG (ez [ea [ca [cs jce {c7 ice ice ica ice icc Ico ice {es | 
Inder 90 [91 (92 193 196 (96 (96 197 198 190 I9A (98 19C 190 9 [a8 | 
Notes: 
(1) 80 ~ OF ere described in hexidecimal for OO RAM address. 
(2) The set to HO44780 are “N2@ "1", F =O" (2 lines 6 x 7 + cursol).” 
(3} OO RAM eddress is no series in line. Address set is necessary to 
chenge the lines. 
(4) Circuit is equal to 32 characters oy 2 lines type. 
(5) In case of executing shift, first line and third line ere shifted con- 
tinueusiy, siso second line and fourth line. Therefore it happens 
that displey of third line is transferred to first line. 
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® 20 character x 4 lines 
8 Controller LS| HD44780 is built-in (See page 97). 
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APPENDIX "C" 


INTERNAL PIN CONNECTION 

















@ +5V single supply Pin No. i Symbol : Level : Function | 

re 1 | Veg | - ov 

MECHANICAL DATA (Nominal dimensions) | 2 | Vag | ae +5V | Power supply 
Module size ........... 98W x 60H x 12T (max.)mm 737 Ve es 
Effective display area... 1... 76.0W x 25.2H mm | ee L: Instruction code inout 
Character size (5 x 7 dots) ........ 2.95W x 4.15H mm | H: Data nour 
Character pitth.............. taints aia 355mm i 5 | Aw | H/L H: Oate read (LCD module-*MPU) 
Dotsize ............, eet O.55W x 0.55H mm icin bled rick Mane il 
Weight 3s stile dill u bain tanya aces about 65 g : , 

ABSOLUTE MAXIMUM RATINGS min. max. | 
Power supply for logic (Vop—Vss) ........ 0 65V | | 
Power supply for LCD drive (Vpp—-Vo)..... 0 65V > 10 |: 083 | Hf 
Input voitage (Vi)... ee ee ee Vss Vopo Vi: ot) OBA tl CUAL, hee iW), (2) ! 
Operating temperature (Ta) ............. 0 50°C 42. =| 088 | HAC 
Storage temperature (Tstg)............ -20 70°C 43 "pee | HAL: | 

ELECTRICAL CHARACTERISTICS (ie 087 ae 
Ta= 25°C, Vop =5.0V £0.25 V ae . 

Input “high” voitage (Vi)... .......-0-. 2.2 V Min. in the HO44780, the data can be sent in either 4bit 2-operation or 
Input “low” voitage (Vi_) 2... ......60.. 0.6 V max 


+ 8-bit 1-cperation so that it can interface to both 4 and 8 bit MPU’s. 
Output “high” voitage (Vou) (—!on = 0.2 MA) 2.4V min. (1) When intertece data is 4 bits long, data is transterred using only 4 


Section 
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Output “low” voltage (Voz) (log = 1.2 MA)... 0.4 V max 
Power supply current (lop) (Vpop = 5.0 V) .. 1.0 mA typ. 


35 mA max. 

Power supply for LCD drive (Recommended) (Vop—Vo) __ 
Duty = 1/16 
Range of Vop Vo... 6. ee ee ee eee 1.5~5.25 V 


Unit: mm 





Fig. 1 Display pattern 


buses of 08, ~08, and OB,~OB, are not used. Data transter 
between the HD44760 and the MPU completes when 4-dit data is 
transterred twice. Data of the higher order 4 bits (contents of 
D8, ~O8, when intertace data ts 8 bits long) is transterred first 
and then lower order 4 bits (contents of OB, ~08, when intertace 
‘date is 8 bits long). 

When intertace data ts 8 bits jong, date is transferred using 8 deta 
buses of D8, ~08,. 


(2 


DISPLAY POSITION AND OD RAM AODRESS 


‘Cnerenter We.'95 213161, 616171 6 O10 499 132 593 196 198 tw 17 198 118 49D | 
1 fet me 100 (61 182 183 |04 (88 (88 187 (G8 16D (8A 188 1SC 160 18E :8F 180 109 102 193 
| Qed tone 1CO 1€t (C2 [C3 (C& ICS 1CB IC? (CB ICD ICA ICB ICC ICO ICE ICF 100 101 162 163 
: ded tne 194 196 108 107 (98 198 IGA 198 19C 180 196 [OF 140 [At 1A2 1A3 1A6 (Ah 106 1A? 


| demure 104 108 (06 107 (08 (08 OA 108 10C 100 (0€ 108 [eo jes je2 163 166 168 jes (a7 | 


Notes: ‘ 

(1) 80 ~ E7 are described in hexidecimal for OO RAM adaress. 

(2) Function setting of HD44780 should be "N= "1", F = ‘0% (2 
lines of § x 7 + cursol). 

(3) OD RAM eddress is no series in line. Address setting is necessary 
to change the tines. 

(4) Circuit is equal to 40 characters by 2 lines type. 

(5) in case of executing shift, first line and third line are shifted con- 
tinuously, also second line and fourth line. Therefore it happens 
that display of third line is transferred to first line. 






HITACHI - 
00 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « (415) 589-8300 





HD44780 / LCD PANEL 


Application Note 





APPENDIX "C" 


LMO54 


® 8 character x 1 line 
® Convoiller LSI HD44780 is built-in (See page 97). 
@ +5 V single power supply 


MECHANICAL DATA (Nominal dimensions) 


Module size ........... B4W x 44H x 120 (max.) mm 
Effective display area 2... 1... ww. 61W x 15.8H mm 
Character size (5 x 7 dots) ......... 6.45W x 9.44 mm 
Character pitch 20... ee eee 7.1§ mm 
DOb Se: nds Satan hacen lets 1.25W x 1.3H mm 
WOON 6353 i oe hede hs HER about 35 g 
ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for lagic (Vnon—-Vsg) ........ 0 7.0V 
Power supply for LCD drive (Vop—-Vo)..... 0 135V 
Input voitage (Vip... ee ee Vss Voo V 
Operating temperature (Ta) .. 0.0... 0 50°C 
Storage temperature (Tstg)............ -20 70°C 
ELECTRICAL CHARACTERISTICS 
Ta= 28°C, Vop = 5.0V 20.25 V 
Input ‘high’ voltage (Viq). 00... ..00000. 2.2 V min 
Input “low” vottage (Vit) 0.0.0. ..0.0008. 0.6 V max 


Output high voitage (Voy) (—lon = 0.2 MA) . 2.4 V min. 
Output low voitage (Vo _) (log = 1.2 MA) ... 0.4 V max. 
Power supply current (Inn) (Vop = 5.0 V) .. 1.0 mA typ. 


2.0 mA max. 
Power supply for LCD drive (Recommended) (Vpp—Vo) 
Outy = 1/8 

Range of Von -Vo...... 2. ee ee ee ee 1.5~5.25V 

TO 20 Cs pli ets os 4.2V we 

a Roce’ Omen mer eee ee gee 3.7 V typ 

Tae 60 Cntr secre cia? 3.2 V typ 

OPTICAL DATA ............ 2.2.02 cee eee See page 7 


; rT a , l4-@l, 
10.2£0.5 75.0205 61.0 | 
$0203 76.0208 








INTERNAL PIN CONNECTION 


' Pin No. i Symbol | Level | Funetion 
2 Voo | - +5V Power suppty 
3 | Mg - - 
L: Instruction code input 
4 | RS W/L H: Osta input 
\ ; . 4: Oata reso (LCO moduieMPU) 
| $ | ply | Bigs | L: Oate write (LCD module * MPU) 
6 E iH, HL | Enabie signat 
? 
8 
9 . 
Data bus tine 
Note (1), (2) 


No 

in the HO44780, the deta can be sent in either 4-bit 2-operation or 
8dit 1-cperstion so that it can interface to both 4 and 8 bit MPU's. 
(1) When interface data is 4 bits long, data is transterred using oniy 4 
buses of OB, ~OB, snd O8,~O8, are not used. Data trenster 
petween the 1044780 and the MPU completes when 4-dit data is 
transterred twice. Data of the higher order 4 bits (contents of 
06, ~068, when intertace cats 1s 8 bits iong) 1s transterred first 
and then ‘ower order 4 bits (contents of OB, ~O8, when intertece 
data 1s 8 bits jong). 

When intertace data 1s & bits long, data is transferred using § date 
buses of O8, ~08,. 


SECTION 





(2 


— 


Hoes 


1.620.2| | aman? | 


2-02.5 e1C height 
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APPENDIX "D". 
Microtec Research ASMH83 Version 1.0A Sep 26 11:38:06 1991 Page 1 


Command line: C:\ASMH83\ASMH83.EXE -1 init.sre 


wo nwynmn & Ww NH PH 


Line Addr 
* ASE SYSTEM TO PROVIDE RESET PULSE 
+ H8/325 INITIALIZATION - MODE 2 
-PROGRAM INIT 
.SECTION CODE 
10 -ALIGN 2 
11 
12. 3 _ ORG H'100_ 
13 : | | 
14 0100 FSFF | MOV.B #H'FF, ROL ; PORT 1 DDR - (A7-A0) ADR BUS OUT 
15 0102 38B0 .  MOV.B ROL, @H'FFBO  ; ON CHIP ADDRESS 
16 0104 0000 NOP 
17 0106 F8FF - MOV.B #H'FF, ROL ; PORT 2 DDR - (A15-A0) ADR BUS OUT 
18 0108 38Bl1 | MOV.B ROL, GH'FFB1 ; ON CHIP ADDRESS | 
19 010A 0000 NOP. ) 
20 010¢ 0000 ‘NOP | | 
21 | = ; PORT 3 - DATA BUS - SET AUTOMATICALLY 
22 ; PORT 4 - INITIALIZED TO OUTPUT CLOCKS "PHI" ¢ "B® 
23 | + PORT S - COMMUNICATION PORT - NOT USED 
24 | +; PORT 6 - FREE RUNNING TIMER, NOT (INTRQ 0 TO 3) - NOT USED 
25 : 
26 010E 0000 NOP 
27 ae 
28 0110 FB7A MOV.B #H'7A, ROL ; PORT 7 DDR - CONTROL BUS 
29 0112 38BC MOV.B ROL, @H'FFBC  ; ON CHIP ADDRESS 
30 ; 
31 0114 6AC8 9001 LABEL MOVTPE ROL, @H'9001:16 
32 . ; | 
33 0118 6B00 8002 . MOV.W @H'8002, RO 
34 011¢ 6B00 8000 MOV.W @H'8000, RO 
35 0120 40F2 BRA LABEL 
36 P 
37 0122 9000 NOP ; SCOPE THE H8/325 WAVEFORMS ON ALL 
‘INS | ? : 
8 | .END 
Section | HITACHI 
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APPENDIX "E" 


Microtec Researcn ASMH83 Version 1.0A Oct 09 10:25:36 1991 Page 1 


Command line: C:\ASMH83\ASMH63.EXE -1 INIT780B.SRC 





Line Addr 

2 ; HITACHI LCD CHARACTER DISPLAY CONTROLLER 

2 

3 ; HD44780 INITIALIZATION FOR 8 BIT MCU INTERFACE 

4 

5 ; MCU - HITACHI H8/325 PROCESSOR 

6 

7 -PROGRAM INIT780B 

8 . SECTION. CODE 

9 .ALIGN 2 

10 

il . ORG H'300 ; SET PC AT ADDRESS 300H 

22 P 

t 0300 FSFF MOV.B fH'FE, ROL : PORT 1 DDR - (A7-AQ) ADR BUS OUT 

14 0302 38B0 MOV.B ROL, @H'FFBO ; ON CHIP ADDRESS 

15 0304 0000 NOP 

16 0306 FSFE MOV.B  #H'FF, ROL : PORT 2 DDR - (A15-AQ) ADR BUS OUT 

17 0308 3681 MOV.B ROL, @H'FFB1L ; ON CHIP ADDRESS 

18 030A 0000 NOP 

19 030C 0000 NOP 

20 ; PORT 3 - DATA BUS - SET AUTOMATICALLY 

21 ; PORT 4 - INITIALIZED TO OUTPUT CLOCKS "PHI" 6 “E° 

22 . ; PORT S$ - COMMUNICATION PORT - NOT USED 

23 : PORT 6 - FREE RUNNING TIMER, NOT (INTRO 0 TO 3) - NOT USED » 

24 : oO 

25 030E 0000 NOP ; SCOPE THE H8/325 WAVEFORMS ON ALL PINS -— 

26 Oo 

27 ; PRESET DELAY COUNTS IN GENERAL REGISTERS n 

29 0310 F164 MOV.B #H'64, R1H ; COUNT EQ 100H FOR 15 ms 

30 0312 F21¢ MOV.B ¢H‘1C, R2H ; COUNT £Q 28 FOR 4.1 mS 

31 0314 FAOB | MOV.B #H'OB, R2L ; COUNT EQ 11 FOR 1.64mS 

32 0316 FOFF MOV.B  #H'FF, RIL ; BASE TICKER PRESET - 150 uS 

33 : 

34 ; START DELAY 1 - EXEEDS 15 ms 

35 . 

36 0318 1A09 A pec RIL ; DECR BASE TICKER 

37 O31A 46FC BNE A ; RIL COUNT DOWN CONTINUES 
: ; BASE TICKER COUNT OVER 

39 - 931e 1A01 Dec R1H ; DECR SIGNIFICANT TIMER 

40 O31E 46F8 BNE OA ; R1H COUNT DOWN CONTINUES 

41 , ; 15 mS OBLAY OVER 

42 ; 

43 ; FIRST INSTRUCTION - 8 BIT INTERFACE = 30H 

44 : 

4§ 9320 FB30 MOV.B . @H'30, R3L ; INSTRUCTION CODE = 30H 

46 0322 6ACB 9000 MOVTPE R3L,@H'9000:16 ; PERIPHERAL WRITE WITH E CLOCK 

47 0326 9000 NOP 

48 ; START DELAY 2 - EXEEDS 4.1 ms 

49 : 

50 0328 FOF MOV.B @H'FF, RIL | ; BASE TICKER PRESET COUNT= FFH 

51 : 

52 032A 1A09 ) pec RIL ; DECR BASE TICKER 

53 032¢ 46FC BNE B ; R1L COUNT DOWN CONTINUES 

34 ; BASE TICKER COUNT OVER 

$5 032E 1A02 Dec R2H ; DECR SIGNIFICANT TIMER 

$6 9330 46F8 BNE B ; R2H COUNT DOWN CONTINUES 

$7 


; 4.1 mS DELAY OVER 
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Line Addr 

$8 ; SECOND INSTRUCTION - 8 BIT INTERFACE = 30H 

60 : 

61 2332 6ACB 9000 MOVTPE R3L,@H'9000:16 ; PERIPHERAL WRITE WITH E CLOCK 

62 3336 0000 NOP 

63 i START DELAY 3 - EXEEDS 100 uS 

64 ; 

65 0338 FOFF MOV.B #H'PF, RIL ; BASE TICKER PRESET COUNT= FFH 

66 ; 

67 033A 1A09 ¢ DEC RIL ; DECR BASE TICKER 

68 033¢ 46FC BNE c ; RIL COUNT DOWN CONTINUES 
69 ; BASE TICKER COUNT OVER 
70 : 

71 : THIRD INSTRUCTION - 8 BIT INTERFACE = 30H 

72 ; as 

73 333E 6ACB 9000 MOVTPE R3L,@H'9000:16 ; PERIPHERAL WRITE WITH E CLOCK 

74 9342 0000 NOP : 

75 i; START DELAY 4 - EXEEDS 40 uS 

76 ; 

77 9344 FOFF MOV.B #H'FF, R1L ; BASE TICKER PRESET COUNT@ FFH 

78 ; 

79 0346 1A09 D DEC R1L ; DECR BASE TICKER 

80 9348 46Fc BNE. a °| ; RIL COUNT DOWN CONTINUES 
81 ‘ ; BASE TICKER COUNT OVER 
82 : 

83 : FOURTH INSTRUCTION -FUNCTION MODE SET- DUTY CYCLE 1/16 = 3FH 

84 ? 

85 034A FB3E MOV.B $H'3F, R3L ; INSTRUCTION CODE = 3FH 

86 234¢ 6ACB 9000 - MOVTPE R3L,@H'9000:16 ; PERIPHERAL WRITE WITH E CLOCK 

87 2350 0000 NOP 

88 

89 3 START DELAY 5 - EXEEDS 40 uS 

90 : 

91 9352 FOFF MOV.B @H'EF, RIL ; BASE TICKER PRESET COUNT= FFH 

92 . : : : 

93 9354 1A09 © E DEC RIL ; OECR BASE TICKER © 

94 3356 46FC BNE B : RIL COUNT DOWN CONTINUES 
95 ; BASE TICKER COUNT OVER 
96 . 

97 ; FIFTH INSTRUCTION - OISPLAY AND CURSOR ON = OEH 

98 ; 
99 0358 FBOE MOV.B #H'OE, R3L ; INSTRUCTION CODE = 02H 

100 035A 6ACB 9000 MOVTPE R3L,@H'9000:16 ; PERIPHERAL WRITE WITH E CLOCK 

101 03SE 0000 NOP 

102 

103 ; START DELAY 6 - EXEEDS 40 uS 

104 ; 

105 9360 FOFF MOV.B fH'FF, R1L ; BASE TICKER PRESET COUNT= FFH 

106 3 

107 9362 1A09 G Dec R1L ; DECR BASE TICKER 

108 3364 46FC BNE G ; R1L COUNT DOWN CONTINUES 
109 ; BASE TICKER COUNT OVER 
110 ; 

ab aes 0366 0000 NOP 

112 : SIXTH INSTRUCTION - ENTRY MODE SET = 06H 

113 ; 

114 9368 FBO6 MOV.B #H'O6, R3L ; INSTRUCTION CODE © 06H 

115 236A 6ACB 9000 MOVTPE R3L,@H'9000:16 ; PERIPHERAL WRITE WITH E CLOCK 
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Line 
116 
117 
218 — 
119 
120 
121 
122 
123 
124 
125 
126 
327 
128 
i29 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 


248 
349 
150 
2$1 
152 
183 
154 
155 
156 
157 
158 
159 
+60 
161 
162 
163 
164 
165 
166 
167 
168 
~69 
270 
w71 
172 
173 
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Addr 
O36E 
0370 
Q372 
9374 


0376 
3378 
337¢ 


OI7E 


0380 
0382 


0384 
0386 


0388 


038A 
338C 
J38E 
0392 


0394 
9396 
0398 


039A 
039¢ 
0398 
J3A2 


OJA4 
O3A6 
03A8 


OJAA 


0000 
FOFF 
1A09 
46FC 


FRO2 
6ACB 
coco 


FOrr 


1A09 
46FCc 


1A0A 
46F8 


0000 


ococ 
Fa80 
6ACB 
000c 


FOF 
1A09 
46Fc 


0000 
Fas3 
6ACB 
00900 


FOFF 
iAQ9 
A6GEC 


0000 


9000 


9000 


9001 


Jersion 1.0A 
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Cet 09 10:25:36 1991 Page 3 
NOP 
MOV.B #H'FF,R1L + PRESET BASE TICKER COUNT 
I DEC RLL + DECR R1L 
BNE J i; COUNT DOWN CONTINUES 


3 -OBLAY EXEEDS 40uS 


‘SEVENTH INSTRUCTION - CURSOR HOME & DDRAM ADR SET TO 0 = 02H 
MOV.B ¢H‘'02, R3L INSTRUCTION CODE = 02H 
i MOVTPE R3L,@H'9000:16 ; PERIPHERAL WRITE WITH E CLOCK 
NOP 


3; START DELAY 7 ~ EXEEDS 1.64 mS 


MOV.B #H'FF, RIL ; BASE TICKER PRESET COUNT] FFH 
H DEC R1L ; OECR BASE TICKER 
BNE H ¢ R1L COUNT DOWN CONTINUES 
; BASE TICKER COUNT OVER 
DEC R2L ; DECR SIGNIFICANT TIMER 


BNE H i R2L COUNT DOWN CONTINUES 
? 1.64mS DELAY OVER 


NOP 


; HD44780 INITIALIZATION COMPLETE 
; FIRST COMMAND - SET DORAM ADDRESS - 80H 


NOP 
MOV.B ¢H'80, RIL ; WRITE DORAM ADR CCDE = 80H 


MOVTPE R3L, @H'9000:16 ; PERIPHERAL WRITE WITH E CLOCK 
NOP 


; OBLAY EXEEDS 40uS 


; MOV.B #H‘FF,R1IL ; PRESET BASE TICKER COUNT 
K dEC RiL ; 3 DECR RIL 
BNE K 3; COUNT DOWN CONTINUES 


3 SECOND COMMAND - WRITE CHARACTER CODE 53H TO DDRAM 
NOP 
MOV.B #H‘°S3, R3L ; CHARACTER CODE FOR "S" = 53H 
MOVTPE R3L, @H'9001:16 ; PERIPHERAL WRITE WITH E CLOCK 


NOP 
; DELAY EXEEDS 40uS 
; NOP 

MOV.B #H'FF, RIL ; PRESET BASE TICKER COUNT 
L DEC R1L ; DECR RiL 


SNE , L 3; COUNT DOWN CONTINUES 


; THIRD COMMAND - WRITE CHARACTER CODE - 49H 


NOP 
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Microtec Research ASMH83 Version 1.0A Oct O09 10:25:36 1991 Page 4 
Line — Addr 
174 O3AC FB49 MOV.B #H'49, R3L ; CHARACTER CODE FOR I = 498 
175 O3AE 6ACB 9001 MOVTPE R3L, @H'9001:16 ; PERIPHERAL WRITE WITH E CLOCK 
176 03B2 0000 NOP 
177 
178 ‘ DELAY EXEEDS 40uS 
“179 
180 03R4 FOFF MOV.B #H‘'FF,R1L ; PRESET BASE TICKER COUNT 
181 03B6 1A09 M DEC RIL ; DECR R1L 
182 0388 46FC | BNE M ; COUNT DOWN CONTINUES 
183 
184 ; | FOURTH COMMAND - WRITE CHARACTER CODE - 43H 
285 93BA 0000 NOP 
186 23BC FB43 MOV.B #H'43, R3L ; CHARACTER CODE FOR C 
187 03BE 6ACB 9001. MOVTPE R3L,8H'9001:16 ; PERIPHERAL WRITE WITH E CLOCK 
188 093¢2 0000 NOP 
189 H 
190 ; DELAY EXEEDS 40us i 
191 
192 03¢4 FOFF MOV.B #$H'FF,RIL ; PRESET BASE TICKER COUNT 
193 03C6 1A09 N DEC R1L ; DECR RIL 
194 03C8 46FC BNE N ; COUNT DOWN CONTINUES 
195 . 
196 : FIFTH COMMAND - WRITE CHARACTER CODE ~- 44H 
197 O3CA 0000 NOP 
196 93¢C FB44 MOV.B #H'44, R3L ; CHARACTER CODE FOR D 
199 93CE 6ACB 9001 MOVTPE R3L,@H'9001:16 ; PERIPHERAL WRITE WITH E CLOCK 
200 03D2 0000 NOP 
201 
202 ; H@/325 IN SLEEP MODE 
203 
204 0304 0180 SLEEP 
205 
206 .END 
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APPENDIX "F" 


The reference literature and other documents used in 
this design are summarized below : | 


O H8/325 Series ASE Model-I User Manual # 0 Hitachi Liquid Crystal Character Display 





HS328ASE01HE Module Catalog # XX-E138 
Oo H8/320 Series Hardware Manual # Oo Hitachi ASMH83 H8/300 Assembler 
M21T102 Manual | 
Oo H8/300 Series Programming Manual # O Hitachi LSI Support Tools XRAYH83 H8/ 
M21T103 300 debugger Manual 
O Hitachi LCD Controller/Driver LSI Data O Hitachi MCCH83 H8/300 C Compiler 
Book # M24T013 Manual | 
z 
o 
© 
7 
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HD61830B / LM200 


Split Panel Scanning 
Application Note 


The first tutorial described in the Hitachi document #AE 150 
presents in depth design process fora LCD subsystem. The 
HD61830B / LM200 Design Tutorial Part II document # 
AE151 describescustom character generation. This Applica- 
tion Note illustrates how LM200 panel can be considered as 
two panels with the displayed information scanned across 
them. 


Itsmajor components include H8/532 Evaluation board as the 
local processor, LCD Controller HD61830B, and the display 
panel LM200 from Hitachi ELT Division. 


The HD61830B controller is designed to run in the graphics 
mode. The H8/532 Evaluation Board is designed by Hitachi 
Microsystems, The LM200 LCD panel can display 240 
Dots(W) by 64 Dots(H) character or graphics data as a single 
panel. However, as a split panel, its upper and lower halves 
can each display 240 Dots (W), and 32 Dots (H) information 
in the graphics mode. Hitachi Monitor firmware resident on 
the H8/532 Evaluation Board provides the program debug- 
ging and host computer communication facilities. 


By adding a laptop computer to down load the programs to the 
Evaluation Board, a program development station can be 


readily built. The H8/532 Cross Assembler, Linker, any word _ 


processor package e.g. "WORD" as screen editor, and 
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Motorola "S" record conversion utility inside the Hitachi 
laptop PC complete the software development environment. 
The "PROCOMM(" communication package is used to facili- 
tate down load or up load of programs to the H8/532 Evalu- 
ation board. 


The split scan program is listed in the Appendix "A". No 
effort is made for either code or logic minimization. 


This application note is intended for the technical staff at 
customer sites and other Hitachi employees who are fairly 
familiar with LCD design guidelines. Therefore, basic LCD 
design principles are not covered. 


The previously published tutorials include HD61830B LCD 
Controller Design, Introduction, Design Overview, Custom 
Character definition and display, LCD Interface Board 
Schematics, along with their associated Software. This 
application note is the last of the series and is a continuation 


_ of the Tutorial Part II. 


Only the details not available in the reference section are 
explained at greater length in this publication, while the page 
2 lists the Table Of Contents. | 


Refer to the subsequent pages for more information on the 
LM200 LCD Panel split scanning technique. 
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HD61830B /LM200 DESIGN - SPLIT PANEL SCANNING 


1.0 INTRODUCTION : 


This section describes the design goals and provides a general overview of this presentation, along with a 
software development listing. 


The design goals established for this project are briefly listed below: 


1.1 To use H8/532 Evaluation Board with Monitor Software. 

1.2 To provide split panel LCD display with LM200 from Hitachi. 

1.3 To display four data bytes in the graphics mode using HD61830B. 

1.4 To design Interface Board for the LM200 LCD panel. 

1.5 To write programs for debug and test. | 

1.6 To use Hitachi Laptop Personal Computer "HL320". 

1.7 To use readily available software at Hitachi Field Offices for development. 
1.8 To generate HD61830B /LM200 split panel scanning application note. 


A brief description of the LCD display subsystem components listed above is provided in the next section 
as an overview. To complete the overview, a subsystem block diagram is also presented. The rest of the 

sections described in the Table Of Contents are expanded in greater details along with their programming 
data. The Appendices give the program listing, and also list the referenced literature. A copy of the LCD 
Interface Board schematic is also provided to illustrate the implementation details of this application. 


SECTION 
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2.0 DESIGN OVERVIEW : 


The LCD display subsystem components such as H8 / 532 Evaluation Board, LM200 display, LCD 
Interface Board, Hitachi Laptop Computer, and the related software are described in this section. At the 
end, a subsystem block diagram is also presented. - For the HD61830B LCD Controller, and the LM200 
LCD panel data sheets, as well as other related documentation refer, to the Appendix "B". This descrip- 
tion from the HD61830B / LM200 Design Tutorial Part I and II is included only for completeness of this 
document, and can therefore be skipped by those familiar with them. | 


2.1 H8/532 Evaluation Board : This board was designed by Hitachi Micro Systems. It is provided as a 
training and development tool. On-board EPROM contains the Hitachi Monitor firmware used for single 
line assembly, disassembly, line editing, and debug purposes. Of the two serial ports, only the Terminal 
port is used to down load, up load, and run the programs. The I/O extention connectors "J1" and "J2" are 
used to connect to the LCD Interface Board. The partially decoded extented I/O space is further decoded 
on the LCD Interface Board. This board is designed to run at 1OMHz and uses a 20 MHz crystal for that 
purpose. However, in this application a 16 MHz crystal is used to provide IMHz "E" clock to the 
LCD Controller HD61830B. All the jumpers on this board are set at the factory according to their 
default states. | 


2.2 LM200 LCD Panel display : This display is provided by the Hitachi ELT Division. It is capable 
of displaying alpha-numeric characters as well as the graphics data. However, only graphics mode is 
used in this application. It is 240 dots wide and 64 dots high for single panel display. It has 1 /32 duty 
cycle. The serial data is clocked in at SOOKHz. It runs from +5V, and -5V power supply. The customer 
has to solder the pins on. LM200 for the appropriate connector used on the LCD Interface Board. The 
LM200 LCD panel mounting and the proper viewing angles are critical to a strain free LCD display. 
Please, handle the panels according to the care recommended by the LCD display manufacturer. The 
logic signals sent to the LCD panel are at CMOS levels. 


2.3 LCD Interface Board : A wire wrap board was built to control the LCD panel LM200. It also 
exchanged data with the H8/532 Evaluation Board over the I/O extention cables "J1" and "J2". The 
Hitachi LCD controller HD61830B was used on the LCD Interface Board. A 4,096 byte display buffer 
memory was also designed to store the character data. The 500KHz dot clock required by the display 
was also provided on this board. The LM200 LCD panel contrast adjust potentiometer was also put on — 
this board. Set the jumper "J10" on this board to the "C-2" position, Test connectors were also provided 
to help debug this board. | 


2.4 Hitachi Laptop Personal Computer "HL320" : It is connected to the serial terminal port of the 
H8/532 Evaluation Board. The connector RJ-12 is attached to the Terminal port while a male to female 
25 pin adapter cable is required at the Laptop PC end. The Hitachi "HL320" PC provides the software 
development tools for the user programs. The program up load and down load capability is also provided 
by the laptop PC. The communication link is full duplex, 9600 baud, 8 bits, 1 stop bit, and no parity | 
check. | 
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HD61830B /LM200 DESIGN - SPLIT PANEL SCANNING 
2.0 DESIGN OVERVIEW: (CNTD.) 


2.5 Software Tools : The laptop PC resident software development tools, packages, and utilities are 
described very breifly. | 


H8 / 532 Cross Assembler : It is designed for DOS environment inside the laptop Personal Computer. 
When the user program is submitted as the source file, it assembles the code. Consequently, it produces 
Object and List files of the source program. The list files with " *.LIS " extentions are reproduced in the 
appendices for the programs developed on the software work station. 


H8/ 532 Linker : To link various object code segments ("" *.OBJ " extention) developed in parallel for a 
larger program. The linked file has " *.ABS " extention. 


Motorola "S " record Conversion Utility : It is used to convert the machine code into Motorola " S " 
_ record format for uploading it to the H8 / 532 Evaluation Board. The converted file has " *,MOT " 
extention. 3 


Up Loading Of Laptop PC "S" Record file : Push " EDIT SHIFT " Key down. Depress the " PG UP " 
key when using "PROCOMM " package for communications. Also, select ASCII format. 


Screen Editor: Any word processing package is acceptable. In this application, Microsoft "WORD" 
package is used. The source programs are created and edited with this package. The source program 
files have " *.SRC " extentions. | 


SECTION 





File Management Utilities : To help aid the program development, packages such as " XTREE ", 
or " TREE86 " may also be used. 


Back -Up Utility : It is a good practice to back up program files. Such packages as " FASTBACK ", OR 
" FASTBACK PLUS " can also be used. 


The display subsystem block diagram is shown on the next page. 


H ITAC Hi Section 
Hitachi America, Ltd. e San Francisco Center * 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 * (415) 589-8300 4 51 


HD61830B / LM200 SOFTWARE STATION 





HITACHI 
LAPTOP 


COMPUTER 










LCD INTERFACE BOARD (*) 


H8/S32 







EVAL. 


LCD PANEL 
LM200 






BOARD 
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3.0 SPLIT PANEL DISPLAY : 


Hitachi LCD panel LM200 with 240 dots(W) and 64 dots(H) resolution and 1 / 32 duty cycle is shown in 
the Figure 1. The upper and lower halves of the LM200 panel are each configured as separate panels 
with 240 dots (W) and 32 dots (H) resolution. Both, upper and lower panels display data in the graphics 
mode. 


The upper half of the panel is scanned at "D1" time while the lower half of the panel is scanned at "D2" 
time. Both, "D1", and "D2" signals are ac by the HD61830B, operating at 1/32 duty cycle with 
horizontal pen (HP) set at 8. 


Each row can display 30 bytes (240 / 8 ) of graphics data and so, each half of the panel can display 32 x 
30 = 960 bytes of information. If the display memory start address is set to zero, the first row (R1) will 
display the contents of the first 30 addresses contiguously. The Appendix " A " shows the listing of the 
split scan program for the LM200 panel. Similarly, the contents of the 1200 address (4BOH) are dis- 
played in the 40 th row or the 8th row of the lower panel. Four bytes of graphics data (0H,FFH,66H, 


and 77H ) are contiguoulsly displayed in the 40th row at positions #1, #2, #3, and #4 respectively. Refer | 


to the Figure 1 for details of the displayed patterns : 
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4.0 LCD INTERFACE BOARD SCHEMATIC : 


The next page shows the schematic of the LCD interface board used in split panel scanning circuit. 
Also, note that the LCD PANEL LM200 DC power supply (+5V,G, -SV) can also be tied to the H8/532 
Evaluation Board power source at one point. In such a case, the display contrast resistor may have to be 
re-adjusted. A zener regulator is added to derive the -5V DC required by the LCD panel. It generates 
-5V DC from the -12 V power supply provided by the external power source. 
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5.0 SOFTWARE :; 


The software section covering the HD61830B /LM200 panel design tutorial part I shows I/O address, 
Busy Flag Varification, Initialization Flow Chart, Code Assembly Procedure while its Appendices show 
the program listings. Similarly, the software section of the Tutorial part II shows the custom character 
code patterns and their associated display. 


For this tutorial, the "GRA-BCS.MOT" program " is listed in the Appendix "A". The "GRA-BCS.MOT" 
program is located at the address EQQOH in the H8/532 processor evaluation board memory space. When 
it is run, it initailizes the LCD controller HD61830B. Then clears the screen by writing OH i.e. code for a 
blank graphic byte in the LCD display memory. Following a screen clear routine, the four graphics data 
bytes "0H","FFH","66H", and "77H" are written in the LCD display frame memory starting at address 
1200 i.e.(4BOH). Since the display is memory mapped, the four graphics data bytes get displayed in the 
lower half of the LCD panel LM200 at the row R40 at positions #1, #2, #3, and #4 respectively. For 
more information on the "GRA-BCS.MOT " program refer to the Appendix "A". Although, a total of 
1920 = (64 x 30 ) bytes of graphical bytes can be displayed on this panel in the split scan mode, for 
demonstartion purposes only four bytes were chosen for this application. 


For register programming details , refer to the HD61830B data sheet. 


The code developed in the Appendix "A" for "GRA-BCS.MOT" program can also be transported to the 
H8/532 Evaluation Board. It can reside within a HN27512AG -25 EPROM which replaces the HMS 
V1.2 debugger EPROM located at "U6" on the H8/532 Evaluation Board. In this manner, a stand alone 
display unit can also be built. 
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APPENDIX " A " 


1.0 PROGRAM NAME - " GRA-BCS.MOT " 


2.0 ADDRESS RANGE - " EQO0OH - E199H " 


SECTION 





3.0 PROGRAM DESCRIPTION - CLEARS SCREEN, CHECKS BUSY FLAG, AND DIS- 
PLAYS 4 GRAPHICS BYTES ON THE LCD 
~LM200 PANEL STARTING AT THE 40TH ROW IN 
POSITIONS #1, #2, #3, AND #4. 
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HEADING “GRA-SCS” 


C E081 ACK? 


HITACHI 


C 0000 SECTION GRA.CODE.ALIGN=2 
EXPORT Xx 
C £000 ORG HEOOO LOC CNTR =£000H 
BUSY FLAG CHECKED 

‘© 0000£000 x: £QU $ X = E000H 

C £000 A013 QRB Ro CLEAR RO 

C £002 A113 CLAB Ri CLEAR Rit 

C E006 A213 CLAS Ra CLEAR R2 

C £008 A313 CAB Rs CLEAR RS 

C E008 A413 CLAB Re CLEAR 4 

C E00A 00 NoP 

C £008 00 NOP ; INITIALIZATION START 

C E00C 00 NOP 

© E000 1S7FF 10000 MOVTPE RO.QHTFF! 2H TO FFI 

C £012 $112 MOVE @12R1 4 LOADA! «12H 

C E014 157FFO00s1 MOVIPE R1,@H7FFO 12H TO 7FFO 

C £01900 NOP : : 
CEDIA 1S7FFIO08S «= s«X1:: «Ss MOVFPE QHTFFILAS FEAD TFFI DATA TORS 
CEOIF ACFT TST 9774 NT TEST 87 OF Fu 

C E02t 28F7 BNE xt SF BFLAG aZ=1 GO TO XI 
C £02300 NOP DFUG NOT SET 

C £026 8001 MOVE #71,R0 LOAD RO=1H 

C E028 1S7FF10000 MOVIPE ROQHTFFI AH TO 7FFI 

C Ean 8107 MOVE OHTA LOAD Ato 

C E020 187FFo00081 MOVIPE RI@HTFFO TH TO 7FFO 

C E0s200 Nop 

CEOS 1S7FFI0086 «=—sX—“‘éWOPE; GUTFFILS EAD TFFI DATA TORS 
C £098 ACF? BTst o74 SKY TEST 87 OF FA 

C EQSA 26F7 BNE x2 # BFL a2e1 GOTO 22 
C Eosc.00 NOP S/PUG NOT SET 

C Eso 6002 MOVE a LOAD ROn2H 

C EOSF 157FF10000 MOVTPE RO.QHTFFI 2H TO TFFI 
CEOMEND MOVE HORI LOAD RISI0H 

C £066 1S7FFO00S1 MOVIPE RILQUTFFO ADH TO 7FFO 

CEB 00 NoP | 

CEC IS7FFIONS4 «=X: MOVFPE GHIFFIL FEAD TFFI DATA TORS 
C E081 ACF? BTstT 76 it TEST 67 OF FA 

C E088 28F7 BNE x3 SF BFLAG ale1 GO T0338 
C E088 00 NOP , SPUG NOT SET 

C Enss 6003 MOVE w3,FO LOAD R0asH 

C E0ss 167FF 10000 MOVIPE ROQHTFF! — ANTO F 

C E080 St1F MOVE @ERI LOAD AiclFH 

C EX6F 1S7FFO00s1 MOVIPE Rt,QHirre AFH TO 1570 
CEenss00 NOP | 

CEN IS7FFIO0NS =: MOVPE QUIFFILR: EAD FFF DATA TORS 
CEOQBA ACK? BTST a7 IT TEST 67 OF FA 

C E08 20F7 BNE pry # BUG ala1 GOTO Xs 
CENRE0O Nop SFUIG NOT SET | 
C Ener soos MOVE ateFO Paull 

C EON 187FF 10000 MOVIPE ROQHTFF! SATO FFI 

C E078 187FFO002 MOVIPE R2.QHTFFO £24 TO 7579 
CENTRO NOP | 
CEQIC 1S7FF1008S «=: MOVPE GUTIFF a ‘SEID TFF\ DATA TORS 

| BTsT S76 | OT TERT 87 OF FA 
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C E083 26F7 

C E088 00 

C £088 5009 

C £088 157FF 10080 
C £080 157FF00082 
C E062 00 


C £089 ADIS 

C E006 00 

C £006 157FF 10084 
C E008 ACF7 

C E000 28F7 

C E08F 00 

C EDAO SOOA 

C E0A2 157FF10000 
C EQA7 5100 

C EQAS 157FF00081 
CEOAE00 NOP 

C EOAF 157FF 10084 ca 
C E084 ACF7 

C £086 28F7 


NOP 
Ct: 


C E006 8006 

C £006 157FF 10000 
C E000 6100 

C E0DF 157FF000s1 
CHES 

C E0ES O1BDES 
CE&ES0O 


C EES 00 
CELEACO 
C GOES 157FF 10086 XP: 
CEOROACE? 
CEM? 207 
CENSO 
CeNrs00 
CENFE00 
CENFTOO 

C EFS 600A 
CENA 1S7PF10080 

CEOFF 6180 

CEt01 1S7FFOOIRT 

C E108 68 wOP 
CIT 1S7FFIONNS «= XE 


One Pe) F BFUG ale1 GOTO 18 
SPUG NOT SET 
MOVE Pr ae LOAD ROwSH 
MOVTPE RO.QHTFFI STO TFFI 
MOVTPE RA.@HTFFO STO TFFO 
: SCREEN CLEAR ROUTINE START 
CLRW a CLEAR RS 
MOVFPE QHTFFI.M EAD TFF1 DATATO RA 
BTST oF SIT TEST 87 OF Fb 
SNE C1 F BFLAG =2=1 GOTO CI 
SUG NOT SET 
MOVE sHHARO POohH 
MOVIPE ROQHTFFI ATO 7FFI 
MOVE prety ftteoH 
MOVIPE RIL@HTFFO 0H TO 7FFO-CUR LO=0H 
MOVFPE QHIFFI. EAD TFFI DATA TO Rs 
BTsT 74 SIT TEST 97 OF FA 
BNE ca F BFUG ala1 GOTO C2 
SUG NOT SET 
MOVE sHBRO food 
MOVIPE ROQHTFF! SATO 7FF1 
MOVE aOR! Fiat 
MOVIPE RILQHTFFO SH TO 7FRO-CURHG=0H 
NOP | 
MOVFPE QUIFFIA JGAD TFPI ATA TORS 
gtst e717 OT TEST 67 OF RA 
BME cs # WUG als! GOTOCS 
SPA WOT SET 
MOVE sHC.RO POH 
MOVIPE ROQHTFF! CH TO TF 
Move sort ft1esQODE FOR “DOT OFF” 
MOVIPE RL@HTFFO STO 70 
scar Recs 
; SCREEN CLEAR ROUTINE COMPLETED 
ee | 
MOVPE GQUIFFI As JEAD FI DATATORS 
grst e714 SIT TERT 87 OF PA 
OME "7 RUE ON 
SFUGNOT SET 
SETULIZATION DONE 
MOVE MARC ded 
MOVIPE ROQHTFF! MA TO FFI 
MOVE SHED! AeBOH 
MOVIPE RLQHTFFO SATO FO 
MOVFPE QHIFEL.AA FRIO TFPI DATA TORS 
HITACHI 
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PLL EEE LET TID OT EL SE BaP ET SL NDE TIS ITE AI Ba IED II A I SES IESG ITE IDE a Ee TE Se IE aE TB TTT RE NE IGE IEEE 


LL SNL EEE EE a SI aT PES TOO RAE OE A NS POT EEE ESET LE LL EA TL aN EIT ET EI ET TIPE PORE 


11SGRA CEIOC ACF7 BTsT #74 BIT TEST 87 OF Ra 
116GRA CEI0E 2eF7 BNE xs F BFLAG o2s1 GOTO 8 
117GRA CE11000 NOP S/FLAG NOT SET 

118GRA CE111 5008 MOVE #H7B,RO FO=8H 

119GRA CE113 157FF10000 MOVIPE RO.@HT7FFI BH TO 7FFI 

12Q0GRA CE118 5206 MOVE #4,R2 FanO4H 

121GRA CE11A 157FF00082 MOVIPE » R2.Q@HTFFO 4H TO 7FFO 

122GRA CE1F 00 NOP | 

123GRA CE120157FF100@4  X% MOVFPE QHTFFI AS READ 7FF1 DATA TORS 
124GRA CEI25 ACF7 BTST #774 BIT TEST #7 OF Ré 
12GRA CE127 26F7 BNE be] SF BFLAG =Z=1 GO TO X9 
12GRA CEIRO NOP BALAG NOT SET 

127GRA CE2AS00C MOVE #H#C,RO FOeCH 

128GRA C E120 187FF10000 MOVIPE RO.QHTFFI SCH TO 7FFI 

129GRA CEIS1 5100 MOVE a0,R1 PiaQOH=GRAPHIC BYTE #1 
190GRA © E133 157FFO0001 MOVIPE R1,@H7FFO SH TO 7FFO 

181GRA CE19800 _ NOP 

132GRA CEI901S7FF10084 X10: MOVFPE QHTFFI RA EAD 7TFF1 DATA TO RA 
183GRA CEISE ACF7 BTST #74 SIT TEST 87 OF Fu 
139GRA CE140 26F7 BNE X10 F BFLAG aZx1 GO TO X10 
1%SGRA CE420 NOP : B/FLAG NOT SET 

198GRA CE14S 157FF10000 MOVIPE RO.@HTFFI CHTO 7FFI 

1S7GRA C E148 SIFF MOVE SHFERI RieFFaGRAPHIC BYTE 82 
198GRA CEI4A 157FFO00S1 MOVIPE R1,QH7FFO 4FF TO 7FFO 

199GRA CEMFOO NOP | 

140GRA CEISOISTFFIONNM §=—-s- X11: MOVFPE QUTFFI AS FEAD TFFI DATA TORS 
144GRA CEISS ACF] BTST #74 «BIT TEST 87 OF FA 
142GRA C E157 2F7 BRE X11 HF BFLAG aZe1 GO TO X11 
149GRA CES900 NOP BIFUG NOT SET 

144GRA CEISA 157FF10000 MOVIPE ROQHTFFI CH TO 7FFI 

145GRA CEISF 5168 MOVE SOBA = AiesSaGRAPHIC BYTE 88 
146GRA CE161 1S7FFO00S1 MOVIPE R1,@HTFFO £8 TO 7FFO 

147GRA CE1E800 NoP | 

148GRA CEIG7 1S7FFIO08 X12 MOVFPE GUTFF1 4 FEAD TFPI DATA TO R4 
' 14@GRA CEIOCACE7 BTST 874 SIT TEST 87 OF Fb 
1SOGRA C E1GE 20F7 BNE X12 F BFUG adat GO TO X12 
1S1GRA CEIM0 NoP SFLAG NOT SET 

1S2GRA C E17! 1S7FF10080 - MOVIPE ROQHTFFI CH TO 7FFI 

1SSGRA CC E176 8177 MOVE TTA «= RiaT7eGRAPHIC BYTE 
1S6GRA CEI78 1S7FFOO0S1 MOVIPE R1LQ@HTFFO ‘T7110 TPO 

1SSGRA CED 00 NOP 

1S3GRA CEITE 157FF10006 Xi& MOVFPE GUTFFI AS FEAD 7FF1 DATA TORS 
1S7TGRA CE1G3 ACF7 BYST e774 IT TEST 87 OF Rb 
1S8GRA CE16S 20F7 BME x13 # BFL alni GO TO X13 
189GRA CE18700 NoP BFLAG NOT SET 

100GRA CE188 1S7FFIONSS MOVIPE RA.QHTFF SATO FFI 

161GRA CEE S192 MOVE @HEZR | LOAD RisS2H.DEPSON 

1@2GRA C EteF 1S7FFO00s1 MOVTPE R1,@HTFFO Aa TO 7FFO 

163 

164GRA CE19600 NOP ; DISPLAY DOT UGHT « LOGIC ‘0° 

1@GRA CEIBO NOP ; DISPLAY DOT DARK = LOGI 1° 

168 

167GRA CE1E800 NOP 

108GRA CEI9700 NOP 

{GRA CEISSIA SLEEP 346002 ASLEEP 

1RGRA CE1S900 NOP 
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The literature and other documents used in this design are summarized below : 


H8/532 Cross Assembler Manual #SO85CPC and " C " compiler for IBM PC 
H8/532 Evaluation Board User's Manual # US538EVB21H | 
H8/532 Software User's Manual # HS538EMSS1E 
MS "WORD " User Manual and other reference manuals 
" PROCOMM " User Manual and other reference manuals 
LCD Data Book #M24T013 from Hitachi America Ltd. 
Memory Data Books from Hitachi America Ltd. 
Hitachi Graphic Module Catalog # XX-E139 from ELT Division 
H8/532 Hardware User's Manual #M21T002 from Hitachi America, Ltd. 
H8/500 Programming Manual #M21T001 from Hitachi America, Ltd. 
H8/500 Software Application Note #M21T003 from Hitachi America, Ltd. _ 
H8/532 Overview #M21T173 from Hitachi America, Ltd. 
Hitachi Laptop Personal Computer HL320 - Operator Manual 
Hitachi Laptop Personal Computer HL320 - MSDOS V3.2 User's Manual 

_ Hitachi HD61830B /LM200 Panel Design Tutorial Part I (in this manual) 
Hitachi HD61830B /LM200 Panel Design Custom Character Generation 
Tutorial Part II (in this manual) | 
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HD4074308 / PIXIE SWITCH 


Automobile Dash Board Indicator 


APPLICATION NOTE 


Kash Yajnik 





This document shows the design and implementation of the 
Hitachi 4 bit single chip Micro Processor HD4074308 used in 
automobile dash board indicator display application. Its 
major components include Micro Processor Module, Pixie 
Graphic Display Switch, and AC Power Adapter. 


Fuel, Oil, Battery Voltage, and Engine Temperature gauges 
along with levels are displayed. The gauges are simulated by 
different input voltages. When they drop below or exceed their 
preset levels, an alarm sounds warning. By depressing the 
Pixie switch, the display cycles through all the four gauges. 


The Hitachi Micro Processor Module contains 4 bit Micro 
processor HD4074308 with its instruction code and data 
storage. Variable voltages represent the gauge transducer 
inputs. _The AC Power Adapter provides the required DC 
voltage. The gauges are graphically displayed on a Pixie 
switch. A buzzer is provided to sound the alarm. When the 
corrective action simulated by normal input volage levels, is 
taken, it stops the alarm. 


The indicator display demonsration program is stored in the 
Hitachi HD4074308 Micro Processor. After power on, the 
Hitachi logo is displayed. When the Pixie switch is subse- 


| HITACHI 
Hitachi America, Ltd. * San Francisco Genter * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 » (415) 589-8300 





quently pushed; Fuel, Battery, Engine Temperature, and Oil 
gauge graphic is displayed on the Pixie switch one at a time. 
Likewise, a horizontal bar displayed above the gauge shows 
the associated gauge reading. The bar length changes as 
transducer voltages change. These levels are simulated by the 
appropriate potentiometers. 


No effort is spent in either code or circuit minimization. 


This application note is intended for the technical staff at 
customer sites and other Hitachi employees who are fairly 
familiar with design guide lines. Therefore, basic design 
principles are not covered. | 


This document includes Introduction, Design, Schematic, 
Silk Screen, Software, and the Appendices. The Appendix 
"A" lists the reference literature. The HD4074308 Micro 
Processor Features are described in the Appendix "B", while 
the Appendix "C" shows the IEE Pixie Switch features. The 
page 2 lists Table Of Contents. 


Refer to the subsequent pages for more information on the 
details of this design. : 
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1.0 INTRODUCTION : 
This section describes the design goals and provides a general overview of this presentation. 
The design goals established for this project are briefly listed below: | 


1, 1 To develop HD4974308 Processor Module 

1.2 To provide custom four gauge digital graphic display on a single IEE Pixie Switch 
1.3 To simulate gauge transducer viltages 

1.4 To provide Indicator Display Demonstration Program 

1.5 To build a stand alone Pixie Switch Display Demonstration Unit 

1.6 To generate Automobile Dash Board Indicator Apllication Note 


A brief design description is provided in the section 2.0. Its schematic and silk screen copy are shown in 
the section 3.0. The software section describes the available tools and demonstration program details. 
The Appendix "A" lists the reference literature used in this project. The HD4074308 4 bit single chip 
microprocessor features are described in the Appendix "B". The IEE Pixie LCD Graphic Switch features 
are briefly stated i in the Appendix i ale 
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2.0 DESIGN : 


The LCD display subsystem components such as Hitachi Micro Processor Module, IEE Pixie Switch 
Display, and the AC Power Adapter details, along with a subsystem block diagram are presented in this 
section. For the Hitachi 4 bit single chip micro processor HD4074308 data sheet, and the related hard- 
ware or software information, call your nearest Hitachi America Ltd. sales office. Refer to the IEE Pixie 
Switch data sheet features in the appendix "C" as required. In addition, the AC Power adapter rating 
information is also provided for completeness. 


2.1 Hitachi Micro Processor Module : 


It is a 2"(W) x5"(L) PCB module with different circuit blocks. The Hitachi 4 bit micro processor | 
HD4074308P ( Z-TAT Version ) is located on it and is in Dual In Line Package. 4 channel Analog to 
Digital inputs, and upto 25 high voltage (40V) I/O pins are built inside the HD4074308P device. It runs 
from a 4 MHz crystal. On board audio buzzer, and automobile dash board variable voltage gauge simu- 
lating circuit is built around the four adjustible potentiometers. Each sensor gauge potentiometer (R16 
through R19) is clearly marked in the silk screen drawing. A +12V DC voltage input jack for the AC 
Power Adapter is also provided on this assembly. A +5V DC regulator, and a -5V DC to DC convertor 
are also designed to provide the required voltage for the LCD display on the Pixie switch. A 7 " ribbon 
cable is also supplied to connect the IEE Pixie switch assemanly For more details refer to the schematic, 
and silk screen drawing in the section 3.0. 
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2.2 Pixie Switch /LCD Display : 


Each Pixie switch provides two switch terminals, back light LEDs, LCD drivers, and 864 pixels (24 dots 
high x 36 dots wide) LCD display. It operates in the graphics mode. A display contrast adjustment 
potentiometer "R1" is also located on the Hitachi Micro Processor Module. By changing "R1" the LCD 
display contrast can be changed for different ambient lighting conditions. The Pixie switch is mounted 
on a break away PCB with 4 stand offs and is connected to the Micro Processor Module by a ribbon 
cable. For more information on the IEE Pixie Switch, see the Appendix "C". 


2.3 AC Power Adapter : 


It is available from Radio Shack, A Division Of Tandy Corporation. This unit is listed as "ARCHER AC 
Adapter" catalog # 273-1652A. Its input is rated at 120V AC, 60 Hz, and 14 Watts. The output rating is 
12V DC at 500 mA. 
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2.0 DESIGN : (CNTD.) 


2.4 Software Tools : 


| For the HD4074308 program development following support tools are available from Hitachi America 


Ltd. ; 


Oo 


O 


‘Cross Assembler and Simulator Software for use with IBM PCs and compatilbles. 


In-Circuit emulator for IBM PC. 


Programming Socket Adapter for programming the « on-chip EPROM during firmware 


development. 


Emulator can be used for both HMCS400 Series and AS micro computer, 


For more information, call your Hitachi FAE at nearest sales office. 


The stand alone Pixie Switch Display Unit block diagram is shown below: 
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HITACHI MICRO PROCESSOR MODULE — 


HD4074308 


INDICATOR es | 
INPUTS (ROM = 8192 x10 BITS) 
(VARIABLE) — 


(RAM = 160 DIGITS) 


BLOCK DIAGRAM 
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4.0 SOFTWARE : 


The Indicator Display Demonstration Program was developed by Hitachi Micro Systems Inc. (HMSI). 
The customers who wish to obtain a copy of this program may do so by calling your Hitachi FAE at the 
nearest sales office. The source program is resident on the Hitachi Bulletin Board. Due to its length and 
size, the program is not reproduced in this application note. 
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APPENDIX " A " 


REFERENCE LITERATURE 


The literature and other documents used in this design are summarized below : 


o Hitachi 4 Bit Single Chip. Micro Computer Data Book dated August 1989, #U76. 

fe) IEE Pixie Graphic LCD Switch data sheet dated April 1988. For more information, call IEE, 
Van Nuys, CA 91409. Tel # (818) 787 0311. | 

o  Forother components used in this assembly, call their respective companies. 

oO For Archer AC Power Adapter information, call your nearest Radio Shack Store 
(Catalog # 273-1652A). 
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HD4074308/PIXIE SWITCH 


Automobile Dash Board Indicator Application Note 





APPENDIX " B " 


HD4074308 FEATURES © 


4-bit architecture 

2048 words of 10-bit ROM (mask ROM 

version) 

8192 words of 10-bit ROM (ZTAT version) 

160 digits of 4-bit RAM 

33 I/O pins, including 25 High voltage I/O 

pins (40 V max) 

Two Timers/Counters 

—11-bit prescaler 

—8-bit timer (free-run timer/watchdog 
timer) 

—8-bit timer (reload timer/event counter) 

Five interrupt sources 


—External 
—Timer 2 
—A/D 1 


A/D converter. 8 bits <x 4 channels 
Two Tone generator outputs: 2 
Subroutine Stack 
—Up to 16 levels including interrupts 
Two low power dissipation modes 
—Standby mode 
—Stop mode 
On-chip oscillator 
—Crystal or ceramic filter 

‘externally drivable) 


Package 


—42-pin plastic DIP (DP-42) 
—42-pin ceramic DIP with window (DC- 
42) 


‘Instruction set compatible with 


HMCS412C; 100 instructions 

High programming efficiency with 10-bit/ 
word 

ROM: 78 single-word instructions 

Direct branch to all ROM areas 


Direct or indirect addressing of all RAM © 
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Program Development 
Support Tools 


H68/H680SD series macro assembler 
IBM-PC cross assembler 

ZTAT microcomputer (HD4074308) 
‘H400CMIX3 emulator 

Emulator unit, target probe. and user 
cable can be purchased individually. 
Emulator unit can be used for both 
HMCS400 series and AS microcomputer 





Ordering Information 


PartNo. ROM(Words) Package 





' Mask ROM HD404302P 2,048 OP-42 





yes | 

ZTAT HO4074308P 8,192 OP-42 

type HD4074308C OC-42 
(Note) 
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HD4074308/PIXIE SWITCH | 





APPENDIX "C" 


PIXIE SWITCH FEATURES 
MECHANICAL SPECIFICATIONS SWITCH DATA 
Pixels: 864 (24x36) LCD display with super-twist Nominal Rating:  OC12V SomA 
Characters: § 18 Max. (using 5x7 matrix, 3 lines by 6 digits) Contact Resistance: <10 
Pixel Size: .014 in. sq. lsolaton Resistance: >SOMQ (OC200V) 
Viewng Area: .490x.590 in. Withstanding Voltage: AC2S0V (1 minute) 
Switch Bounce: < 5msec 


Swatch Travel: 0.118 in. 
Actuation Force: 13909 +20g 
Lite Expectancy: > 1,000,000 actuatons 


| CONNECTOR PIN Pe arenurraS DIMENSIONAL DRAWINGS 


user defined 


aoe 
|_3_| voo_| supply votage for ogc +5V_| power supply 
| s | uP | latch pulse 
[6 | FM | 
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HD61830B / LM200 


Custom Character Generation 


TUTORIAL PART II 


Kash Yajnik 





The first tutorial described in the Hitachi document #AE150 
presents in depth design process fora LCD subsystem. This 
document is part II of that tutorial and describes custom 
character generation. Its major components include H8/532 
Evaluation board as the local processor, LCD Controller 
HD61830B, and the display panel LM200 from Hitachi ELT 
Division, and EPROM resident custom character set. 


The HD61830B controller is designed to run in the character 
mode. The H8/532 Evaluation Board is designed by Hitachi 
Microsystems, The LM200 LCD panel can display 240 
Dots(W) by 64 Dots(H) character or graphics data. Hitachi 
Monitor firmware resident on the H8/532 Evaluation Board 
provides the program debugging and host computer commu- 
nication facilities. 


By adding a laptop computer to down load the programs to the 
Evaluation Board, a program development station can be 
readily built. The H8/532 Cross Assembler, Linker, any word 
processor package e.g. "WORD" as screen editor, and 
Motorola "S" record conversion utility inside the Hitachi 
laptop PC complete the software development environment. 
The "PROCOMM" communication package is used to facili- 
tate down load or up load of programs to the H8/532 Evalu- 
ation board. 


HITACHI 
2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « 
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The custom character generation program is listed in the 
Appendix "A". No effort is spent in either code or logic 
minimization. 


This tutorial is intended for the technical staff at customer 
sites and other Hitachiemployees whoare fairly familiar with 
LCD design guide lines. Therefore, basic LCD design 
principles are not covered. 


The HD61830B LCD Controller design tutorial includes 
Introduction, Design Overview, Custom Character definition 
and display, LCD Interface Board Schematic, along with the 
associated Software. 


While a lot of programs were developed, only one is listed as 
an example in the Appendix "A", The Appendix "B" covers 
EPROM font data while the Appendix "C" lists the reference 
literature. 


Only the details not available in the reference section are 
explained at greater length in this article. The page 2 shows 
the Table Of Contents. 


Refer to the subsequent pages formore information onthe part 
II of this design. | 
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1.0 INTRODUCTION : 


This section describes the design goals and provides a general overview of this presentation, along with a 
software development listing. | 


The design goals established for this project are briefly listed below: 


1.1 To use H8/532 Evaluation Board with Monitor Software. 
1.2 To provide custom character LCD display with LM200 panel from Hitachi. 
1.3 To display largest characters in the character mode of the HD61830B. 

1.4 To design Interface Board for the LM200 LCD panel. 

1.5 To write programs for debug and test. | 

1.6 To use Hitachi Laptop Personal Computer "HL320". 

1.7 To use readily available software at Hitachi Field Offices for development. 
1.8 To build a stand alone display unit. 

1.9 To generate HD61830B /LM200 panel design tutorial part IL. 


A brief description of the LCD display subsystem components listed above is provided in the next section 
as an overview. To complete the overview, a subsystem block diagram is also presented. The rest of the 
sections described in the Table Of Contents are expanded in greater details along with their programming 
data. The Appendices give the program listing, EPROM font data, and also list the referenced literature. 
A copy of the LCD Interface Board schematic is also provided to illustrate the implementation details of 
this tutorial. , | | 
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2.0 DESIGN OVERVIEW : 


The LCD display subsystem components such as H8 / 532 Evaluation Board, LM200 display, LCD 
Interface Board, Hitachi Laptop Computer, and the related software are described in this section. At the 
end, a subsystem block diagram is also presented. For the HD61830B LCD Controller, and the LM200 
LCD panel data sheets, as well as other related documentation refer, to the Appendix "C". This descrip- 
tion from the HD61830B / LM200 Design Tutorial Part I is included only for completeness of this docu- 
ment, and can therefore be skipped by those familiar with the Part I. | 


2.1 H8/532 Evaluation Board : This board was designed by Hitachi Micro Systems. It is provided as a 
training and development tool. On-board EPROM contains the Hitachi Monitor firmware used for single . 
line assembly, disassembly, line editing, and debug purposes. Of the two serial ports, only the Terminal 
port is used to down load, up load, and run the programs. The I/O extention connectors "J1" and "J2" are 
used to connect to the LCD Interface Board. The partially decoded extented I/O space is further decoded 
on the LCD Interface Board. This board is designed to run at 1OMHz and uses a 20 MHz crystal for that 
purpose. However, in this application a 16 MHz crystal is used to provide IMHz "E" clock to the 
LCD Controller HD61830B. All the jumpers on this board are set at the factory according to their 
default states. 


2.2 LM200 LCD Panel display : This display is provided by the Hitachi ELT Division. It is capable 
of displaying alpha-numeric characters as well as the graphics data. However, only character mode is 
used in this application. It is 240 dots wide and 64 dots high. It has 1 /32 duty cycle. The serial data is 
clocked in at SOOKHz. It runs from +5V, and -12V power supply.. The customer has to solder the pins 
on LM200 for the appropriate connector used on the LCD Interface Board. The LM200 LCD panel 
mounting and the proper viewing angles are critical to a strain free LCD display. Please, handle the 
panels according to the care recommended by the LCD display manufacturer. The logic ognels sent to 
the LCD panel are at CMOS levels. 
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2.3 LCD Interface Board : A wire wrap board was built to control the LCD panel LM200. It also 
exchanged data with the H8/532 Evaluation Board over the I/O extention cables "J1" and "J2". The. 

- Hitachi LCD controller HD61830B was used on the LCD Interface Board. A 4,096 byte display buffer 
memory was also designed to store the character data. The 500KHz dot clock required by the display 
was also provided on this board. The LM200 LCD panel contrast adjust potentiometer was also put on 
this board. Set the jumper "J10" on this board to the "C-2" position. Test connectors were also provided 

to help debug this board. 


2.4 Hitachi Laptop Personal Computer "HL320" : It is connected to the serial terminal port of the 
H8/532 Evaluation Board. The connector RJ-12 is attached to the Terminal port while a male to female 
25 pin adapter cable is required at the Laptop PC end. The Hitachi "HL320" PC provides the software 
development tools for the user programs. The program up load and down load capability is also provided 
by the laptop PC. The communication link is full duplex, 9600 baud, 8 bits, 1 oP bit, and no SL 
check. 


HITAC H | | | | Section 
Hitachi America, Ltd. * San Francisco Center « 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 © (415) 589-8300 4 79 











2.0 DESIGN OVERVIEW: (CNTD.) 


_ 2.5 Software Tools : The laptop PC resident software development tools, packages, and utilities are 
_ described very breifly. 


H8 / 532 Cross Assembler : It is designed for DOS environment inside the laptop Personal Computer. _ 
When the user program is submitted as the source file, it assembles the code. Consequently, it produces 
Object and List files of the source program. The list files with " *.LIS " extentions are reproduced in the 

_ appendices for the programs ery owece on the software work station. 


| H8/ 532 Linker : To link various object code segments (" *.OBJ " extention) developed in parte for a 
larger program. The linked file has " *.ABS " extention. 


Motorola " S " record Conversion Utility : It is used to convert the machine code into Motorola se 
record format for sie it to the H8 / 532 Evaluation Board. The converted file has " *.MOT " 
extention. | 


Up Loading Of Laptop PC "S" Record file : Push " EDIT SHIFT " Key down. Depress the "PG UP " 
key when using " PROCOMM " package for communications. Also, select ASCII format. 


Screen Editor: Any word processing package is acceptable. In this application, Microsoft "WORD" | 
_ package is used. The source programs are created and edited with this package. The source program 
files have " *.SRC " extentions. 


File Management Utilities : To help aid the program development, packages such as " XTREE ", 
or" TREE86 " may also be used. 


~ Back -Up Utility : Itisa good practice to back up program files. Such packages as " FASTBACK ", OR 
" FASTBACK PLUS " can also be used. 


EPROM Programming : Data I/O Model 212 Multi-programmer was used to program the 32KByte or 
16KByte UV erasable EPROMS. 


The stand alone display unit block diagram is shown on the next page. 
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HD61830B / LM200 STAND ALONE UNIT 





HITACHH 
LAPTOP? 


COMPUTER 










LCD INTERFACE BOARD (*) 


148/532 





EVAL. 
LOD PANEL 
LM200 © 
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BOARD 


*NOTE : 1.0 8 MHZ OSC. DIVIDED DOWN. 
| 2.0 SET "J1" JUMPER TO "C-2" POSITION. 


BLOCK DIAGRAM | 
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CUSTOM CHARACTER DEFINITION : 


In character mode, for visual comparison, the maximum programmable font size of 8 (Columns) x 16 
(Rows) using the Hitachi LCD controller HD61830B was chosen for display. Also, note that in the 
graphics mode of the HD61830B, larger font sizes beyond the character mode limits are possible. 
However, for this tutorial, only the character mode is considered to illustrate custom character generation 
using an EPROM. 


The custom characters were displayed on the LCD panel LM200 from Hitachi America Ltd. | 
Arbitrarily, four custom characters “K’’, “A”, ““S”, and “H” were chosen for font generation using a 32K 
bytes EPROM. The Figures 1,2,3, and 4 show each character, its character code, line position, and the 
EPROM data output. The character shapes were purposely chosen to be slightly different from the 
standard character shapes defined in the HD61830B data sheet. This makes character verification easier 
and distinguishes custom characters from the standard character set. — 


The custom character font line position address bits (A3-A0) were connected to the (MA15-MA12) 
signals from the HD61830B. These four bits form the lowest address nibble of the 32KB character . 

_generator EPROM. The character code address bits (A11-A4) are also provided by the (MD7-MD0) 
signals from the HD61830B. These character code bits determine the square in the character map where 
the custom character is located. For more information on the character map refer to the HD61830B data 
sheet. The standard character in the character map is replaced by the custom character at the location 
addressed by the character code bits (A11-A4) of the EPROM. 


Note that only one 4,096 bytes long page can be addressed by the HD61830B from the available 8 pages 
in the 32K Bytes EPROM space in the character mode. Therefore, the upper address bits (A12-A14) of 
the EPROM are grounded to select page 0. The character font EPROM output data bits Oem are 
sent to the HD61830B ROM data input bus (RD7-RDO). 


It is left up to the reader to come up with a scheme to locate 8 different character-sets on a 4KB page 
boundary e.g. Eight different languages for eight countries in Europe within the 32KB EPROM character 
space. The appropriate font page for a country should be activated when a LCD display panel is used for 
a product in the specified country. Such a font design would make the product saleable in the interna- 
tional markets. 


For the implementation details on the four custom character EPROM refer to the schematic in the 
section 5. — 
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FIGURE 1 
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EPROM ADDRESS 


cine BPROM OUTPUT 
H CHARACTER CODES POSITION | 
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FIGURE 3 
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CUSTOM CHARACTER DISPLAY : 


The horizontal character pitch (HP) is 8. Also, the inter character space is 1 row horizontally and 1 
column vertically. Programming a logic 1 inside the EPROM corresponds to a lighted dot on the LCD 


- panel LM200. It appears as a dark dot on the plain background. A variable resistor is also provided to 


adjust the contrast ratio. The character display for each of the four characters “K’”, “A”, “S”, and “H” is 
shown in the Figures 5,6,7, and 8 respectively. Observe the display pattern inversion from the corre- 
sponding programmed patterns of the EPROM illustrated in the Figures 1,2,3, and 4 of the section 3. | 
The Appendix “B” shows the EPROM font data and its addresses along with a check sum. The Data I/O . 
model 212 Multi Programmer was used for programming the 32K Bytes Hitachi EPROM HNC256AG- 

15 or 16K Bytes Hitachi EPROM HN27128AG-17. Both the EPROMS were used for generating the 

same four custom characters defined in the section 3 and displayed in the Figures of the section 4. 
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5.0 LCD INTERFACE BOARD SCHEMATIC : 


The next two pages show the schematic of the LCD interface board used in custom character generation. 
The Hitachi UV EPROM HN27C256AG -15 (32KBx8) resident in a ZIF socket was used as a character 
generator. As an alternate part, EPROM HN27128AG-17 (16KBx8) was also tested for the same applica- 
tion. Also, note that the LCD PANEL LM200 DC power supply (+5V,G, -12V) can also be tied to the 
H8/532 Evaluation Board power source at one point. In such a case, the display contrast resistor may 
have to be re-adjusted. | 
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LCD INTERFACE BOARD - SCHEMATIC 
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NOTE: 


1.0 Test Connectors T1,T2, and T3 are for test and debug. 
2.0 After power on reset, Display is "OFF", Slave Mode "ON", and Hp = 6. 
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PINS 7,8.9 AND 18 OF 
J3 PROVIDE POWER FOR 





THE HITACHI LM28@ LCD § 
PANEL SHOWN ON PAGE 1. 8 
NOTES: 
1.0 Test connectors Tl, T2, 173. T4,- and T5 ore for test and debug. 
(2.8 On H8/325 EVAL. BOARD change "Yi" crystal from 20 MHz to 16 MHz. 
3.0 Power on reset: Disploy off, Slave Mode On, and Hp = 6. 
AO Dasteli 26 IA TIE Wis e-urde: cocres, | 
9-@ Color code wires. 
6.2 Decouple VCC pin 28. 
7.8 Keep wire lengths as short as possible. 
8.0 For HN27128AG-17 EPROM, Al4 (pin 27) Its tiled to VCC. 
9.0 ™® Ji and J2 ore from H8/532 Evaluation boord. 
«10.8 XK ul - us each hove o 8.01 uF capacitor between Vee and graund. 
11.0 *®*A*® u7 has ground at pin 7 and Vcc ot pin 14. 
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7.0 SOFTWARE : 


The software section covering the HD61830B /LM200 panel design tutorial part I shows I/O address, 
Busy Flag Varification, Initialization Flow Chart, Code assembly Procedure while its Appendices show 
the program listings. 


_ In the tutorial part II, the custom character generation program " XCG.MOT " is listed in the Appendix 

"A". The Appendix "B" shows the character font patterns loaded in a32KB EPROM. The 

" XCG.MOT " program is located at the address 8000H in the H8/532 processor Evaluation 

Board memory space. After initailizing the LCD controller HD61830B, it enables the external character 

generator. Then clears the screen by writing character code 20H i.e. code for a blank in the LCD display 

- memory. Following a screen clear routine, the character for the four custom character "K","A","S", and 

_"H" are written in the LCD display frame memory. Since the display is memory mapped, the four - 
custom characters get displayed. For more information on the " XCG.MOT " program refer to the Ap- 
pendix "A". The number of custom characters can be expanded from 4 to 256 with a maximum font size 
of 16 (Rows) x 8 (columns) only in the character mode. However, for demonstartion purposes only four 
custom characters were chosen for this tutorial. 


For register programming details , refer to the HD61830B data sheet. 


The code developed in the Appendix "A" for external character generator program can also be transported 
— to.the H8/532 Evaluation Board. It can reside within a HN27512AG -25 EPROM which replaces the 
HMS V1.2 debugger EPROM located at "U6" on the H8/532 Evaluation Board. In this manner, a stand 
alone custom character display unit can also be built. 
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Listing 2; START. LIS (continued) 

398 zenable input delay timer 

399 program C QOOAE F808 mov.b #8,r01 

400 program C 00B0 3890 mov.b r01,@frt_tier senable delay timer interrupts 

401 
*** HB/300 ASSEMBLER VER 1.1 *** 03/20/91 08:11:20 PAGE 3 
PROGRAM NAME = Buffer Initialization Routine 

402 smain loop 

403 program C 00B2 main: 

404 program C 00B2 0180 sleep swait for interrupts 

405 

406 program C 00B4 40FC bra main 

407 

40s -end 


#*2**TOTAL ERRORS 
*****TOTAL WARNINGS 
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319 :re-initialize buffer pointers 

320 program C 0048 OD56 mov.W r5,r6 ;clear IDP and ODP 

#** 8/300 ASSEMBLER VER 1.1 *** 03/20/91 08:11:20 , PAGE 
PROGRAM NAME = Buffer Initialization Routine 

321 

322 zinitialize program constants and flags 

323 

324 sinitialize margin area 

325 program cC 004A F410 ; mov.b #h’10,r4h margin = 16 bytes 

326 

327 sinitialize flags 

328 program c 004C FC15 mov.b = #h’15,r41 set buf_mt, buf_init, & on_line active 

329 

330 ; ginitialize free-running timer for input watchdog timing 

331 program C 004E 79000000 Mov.w #0,r0 

332 program C 0052 6B80FF92 mov.w r0,@frt_fre sreset counter 

333 

334 program cC 0056 F801 mov.b #1,r01 ; 

335 program C 0058 3891 , mov.b r01,@frt_tcsr sclear counter on match a 

336 . 

337 program cC OOSA F800 , mov.b #0,r01 

338 program C 005C 3896 mov.b r01,@frt_tcr suse phi/2 

339 

340 program cC 005E 790001F4 mov.wW #500,r0 

341 program C 0062 6B80FF94 mov.w r0,@frt_ocra :set count for 100 usec 

342 

343 sinitialize multi-function timer 0 for output strobe generation 

344 program C 0066 F801 mov.b #1,r01 

345 program C 0068 38C8 mov.b r0l1,@tmrO_tcr ;use phi/8, no interrupts 

346 

347 program C 006A F800 mov.b #0,r01 

348 program C 006C 38C9 mov.b r0l,@tmrO_tcsr ;negative strobe 

349 ; 

350 program C 006E F800 mov.b #0,r0l1 

351 program C 0070 38¢C¢ mov.b x01,@tmrO_tent ;clear counter 

352 

353 program C 0072 F802 mov.b #2,r01 

354 program C 0074 38CB mov.b r01,@tmr0_tcorb 

355 program C 0076 F805 mov.b #5,r01 

356 program C 0078 38CA mov.b r01,@tmr0_tcora ;generate strobe 2.4 usec wide 

357 

358 ginitialize multi-function timer 1 for initialization timing 

359 program C 007A F801 mov.b #1,r01 

360 program C 007C 38D0 mov.b rQl,@tmri_tcr ;use phi/8, no interrupt 

361 

362 program C OO7E F806 mov.b #6,r01 

363 program cC 0080 38D1i mov.b r0l,@tmrl_tcsr ;negative strobe 

364 

365 program cC 0082 F800 mov.b #0,r01 

366 program cC 0084 38D4 mov.b r01,@tmri_tent ;set counter to 0 

367 

368 program C 0086 F802 mov.b #2,r01 

369 program C 0088 38D3 mov.b r0l,@tmri_tcorb 

370 program cC 008A F834 mov.b #n34,r01 

371 program C 008C 38D2 mov.b r0l1,@tmri_tcora ;generate strobe 40 usec wide 

372 

373 gdnitialize interrupt structure 

374 program C 008E F807 mov.b #7,r01 ' set maskable interrupts 

375 program C 0090 38C6 mov.b r0l,@iscr : for falling edge 

376 program C 0092 38C7 mov.b r0l,@ier senable maskable interrupts 

377 program c 0094 0700 ldc #h’00,ccr jglobal interrupt enable 

378 

379 senable init pulse timer 

380 program cC 0096 F800 mov.b #0,r01 

381 program cC 0098 38D4 mov.b r0l,@tmri_tent ;reset init pulse count 

382 

383 program C OO9A F841 mov.b = #h'41,r01 

‘384 program C 009C 38D0 mov.b xr0l,@tmrl_tcr ;use phi/é, interrupt on match a 

365 ; 

386 stest for initialization complete 

387 program C 0092 init_loop: 

388 program C 009E 732C btst.b #buf_init_flag,r41 sinit done ? 

389 program C OO0A0 46FC bne init_loop 7no 

390 

391 senable input handshaking 

392 program C 00A2 7FB27240 belr.b #ibusy bit, @in_hs release input busy signal 

393 : 

394 :set status indicators 

395 program C 00A6 7FB27200 belr.b #ready bit,@stat_port ;Light Ready LED 

396 program C OOAA 77827210 © belr.b #online_bit,@stat_port :Light On Line LED 

397 


ah 
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*** H8/300 ASSEMBLER 
PROGRAM NAME = 





waeawnry ann db WD & 


253 program cC 0000 


256 program C 0000 


259 program cC 0000 7907FF80 


262 program cC 0004 F8FF 
263 program cC 0006 38B2 


264 

265 program C 0008 38B0 
266 

267 

268 program C 000A 38BA 
269 program C 600C 38B8 
270 j 

271 

272 program C OOOE 38B6 
273 program C 0010 38BF 
274 program cC 0012 38B4 
275 program cC 0014 38BD 
276 

277 

278 program C 0016 38B9 
279 

280 

281 program C 0018 38Ci 
282 

283 

284 program cC 001A F813 
285 program C 001C 38B7 
286 program cC OO1E F812 
287 program C 0020 38BS 
288 

289 

290 

291 

292 program C 0022 FSFF 
293 program cC 0024 38Bi 
294 program cC 0026 F800 
295 program cC 0028 79050000 
296 program cC 002C 38B3 
297 

298 program C 002E 

299 

300 program C 002E 3DB6 
301 program C 0030 35BF 
302 program C 0032 4B04 
303 program cC 0034 

304 program C 0034 F802 
305 program C 0036 4002 
306 program C 0038 

307 program cC 0038 F801 
308 program C 003A 

309 program C 003A 38BA 
310 program cC 003C F807 
311 program cC 003E 38BA 
312 

313 

314 program cC 0040 8D01l 
315 program C 0042 44EA 
316 program C 0044 8501 
317 program C 0046 4426 


318 


Section 
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Buffer Initialization Routine 


heading “Buffer 
3H8/330 Print Buffer Routine 
srevision 2.0 


swritten by: 

Tom Hampton 

Hitachi America, Ltd. 
Application Engineering 


we te 


we 


Initialization Routine” 


output dbg, obj 
eprint nocref, nosct 
-global start 
.section program, code 


sinitialization routines 
start: 


sinitialize stack pointer 
mov.w * #top ram,r7 


sinitialize input handshake and 


mov.b #h’ ff, r0l 
mov.b r0l,@pl_dr 
mov.b r0l,@pi_ddr 


sinitialize Memory Control Port 
mov.b r01,@p5_dr 
mov.b r01,@pS_ ddr 


sinitialize Memory Address Bus 


mov.b r01,@p3_dr 
mov.b r01,@p8_dr 
mov.b r01,@p3_ddr 
mov.b r01,@p8_ddr 


sinitialize Output Data Port 
mov.b r01,@p6 ddr 


sinitialize Input Port Controls 
mov.b x01,@p9 dr 


zinitialize Output Port Controls 


mov.b #h/13,r01 
mov.b r0l1,@p4_dr 
mov.b #h’12,r01 
mov.b r01,@p4 ddr 


sinitialize memory buffer 


mov.b é#write,r01l 
mov.b r0l,@mem_dir 
mov.b #0,r01l 

mov.w #0,r5 

mov.b r01,@mem_data 


B 
4 


clear buffer: 
;clear buffer location 


mov.b rxr51,@addr_lo 

mov.b r5h,@addr_hi 

bmi wr_csl 
wr_cs0; 

mov.b #wres0,r0l 

bra wr_cont 
wr_csl: 

mov.b #wresi,r0l 
wr_cont: 

mov.b r0l,@mem_ctrl 

mov.b #7, x01 

mov.b r01, @mem_ctrl 


sincrement buffer pointer 


add.b #1, r51 
bec clear buffer 
add.b = #1,r5h 
bec clear buffer 


sset SP to top of ram 
status indicators 

:set IBUSY active to keep 
; istb interrupts inactive 


:clear LEDs 
;set port as outputs 


sset WE\, CS1\, & CSO\ inactive 
;set pins as outputs 


;set buffer address as FFFF 


:set ports as outputs 


3set port as output 


and Pause 
zturn-on MOS Pull-Ups 


;set OINIT\ active and OSTB\ inactive 

;set port as follows: 

; Bit 4 as output (OINIT) 

; Bit 1 as output (OSTB\) 

; Bit 0 as input (OBUSY), MOS Pull-Up active 


sset memory data port as output 
:clearing value 

sbuffer pointer 

sset data 


;set address 


zwrite to chip 0 


swrite to chip 1 
sactivate write pulse 


:de-activate write pulse 


sloop until buffer cleared 


sloop until buffer cleared 
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Listing 1: BUFFER. LIS 





s** H8/300 ASSEMBLER VER 1.1 *** 03/20/91 08:11:13 PAGE 1 
PROGRAM NAME = Vector Table Definitions 
1 -heading “vector Table Definitions” 
2 ‘ 
3 3H8/330 Print Buffer Routine 
4 srevision 2.0 
5 
6 ;written by: 
? 3 Tom Hampton 
8 ; Hitachi America, Ltd. 
9 : Application Engineering 
10 
248 output dbg, obj 
249 »print nocref, nosct 
250 , 
251 »global start 
252 «global online_int, pause_int,input_int,iinit_int 
253 -global output_int,ostb int,oinit int 
254 
255 vector D 0000 - section vector, data, locate=0 
256 ; 
257 svector table initialization 
258 ; 
259 vector oD 0000 org 0 
260 vector D 0000 0000 -data.w start sreset vector 
261 
262 vector D 0006 org nmi_vec 
263 vector D 0006 0000 -data.w iinit_int zinput init strobe detect 
264 
265 vector D 0008 20rg irq0_vec 
266 vector D 0008 0000 -data.w online int online pushbutton detect 
267 } 
268 vector D 000A -org irql_vec / 
269 vector D 000A 0000 -data.w pause_int spause pushbutton detect 
270 
271 vector oD 000c org irq2_vec 
272 vector oD 000C 0000 -data.w input_int sinput strobe detect 
273 
274 vector D 0020 -org ocia_vec 
275 vecter D 0020 0000 -data.w output _int soutput service request 
276 ; 
277 vector OD 0026 org cmida_vec 
278 vector D 0026 0000 -data.w ostb int soutput data strobe generator 
279 
280 vector D 002C +Org emila_vec ; 
281 vector D 002¢ 0000 -data.w oinit_int soutput init strobe generator 
282 
283 end 
s**eSTOTAL ERRORS 0 
**4*®*TOTAL WARNINGS 0 


SECTION 
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PAUSE PUSHBUTTON SERVICE ROUTINE 
Paes , This routine executes whenever the “Pause” pushbutton is 
ar iret Bi pressed. Whenever this button is pressed, an interrupt 
request is generated that allows the software to control the 
ability of the print buffer to output any input data to the 


printer. This would be very similar to having pressed the 
rective | “Online” pushbutton at the printer itself. 


If the print buffer output is currently active when this 
pushbutton is pressed, then this routine will make it 
inactive. This is done by setting the “output hold” status 
flag and disabling input watchdog interrupts. 


If the print buffer output is currently inactive when this 
pushbutton is pressed, then this routine will make it active. 
This is done by resetting the “output hold” status flag and 
enabling input watchdog interrupts. Fora flow chart of this 
service routine, refer to Figure 9. 


CONCLUSION 


While this example does not use all of the peripheral 
features of the H8/330, it does provide examples of 
programming for both timers and I/O ports, as well as 
features of the individual I/O ports. Also included are 
methods for initializing the interrupts structure of the H8/ 
330. Enhancements can most certainly be made to this 
example by doing some rearranging of the I/O port choices. 
A serial input or output option can be made by using the on- 
chip SCI and moving the memory buffer control functions 
to another I/O port. Morememory could be added by using 
more I/O bits from another port to expand the address field. 
This would also required a little extra address manipula- 
tion in determining buffer conditions, but it is achievable. 








Clear Hold 
LED 


Set Hold 
LED 

Set Hold 
Status 





Is buffer Yes 
full ? 


Clear Hold 
status 











Disable Enable Clear IBUSY 
Delay T irrer Delay T irver s ignal 
Interrupts Interrupts 


RET URN 


Figure 9: Pause Pushbutton Service Routine 
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ONLINE PUSHBUTTON SERVICE ROUTINE 


| alias This routine executes whenever the “Online” pushbutton is 
Pug hbut ton pressed. Whenever this button is pressed, an interruptrequest 





is generated that allows the software to control the ability of 
the print buffer to accept any input data. To inhibit input 
interrupts from being requested, the IBUSY signal is set active 


Set Input i i ; 
Bort cusy during the processing of this routine. 





If the print buffer is currently online when this pushbutton is 
pressed, then this routine will take it off-line, This is done by 
resetting the “online” status flag and disabling input strobe 
interrupts. The ISTB interrupt itself is disabled as well as the 
IBUSY signal left active so that the sending device has an 
indication that the buffer is now “off-line.” 








If the print buffer is currently off-line when this pushbutton is 

pressed, then this routine will take it online. This is done by 

setting the “online” status flag and enabling input strobe 
interrupts. The ISTB interrupt itself is enabled as 
well as the IBUSY signal made inactive so that the 
sending device has an indication that the buffer is 
now “online.” For a flow chart of this service 
routine, refer to Figure 8. 








Clear 
Qnl ine LED 


; Set Gilline 


Set G@line 
Status 


SECTION 


Clear Input . 
Port Busy 





Figure 8: Online Pushbutton Service Routine 
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accept such data. If no data is in the buffer or the printer is not 
ready to accept the buffered data, this routine merely resets the 
input watchdog timer and checks to determine if the IBUSY. 
signal should be activated before returning to the main pro- 
gram. 


If there is data in the buffer and the printer is ready to accept 
the data, then this routine goes through the process of getting 
the data from the buffer and sending it to the output parallel 
port. In getting the data from the memory buffer, this routine 
must change the direction of the memory buffer’s data bus to 
be input as well as set the address bus with the output data 
pointer. The proper CS signal is then generated in order to 
“read” the data to be output. That data is moved to the output 
parallel port and the multi-function timer that generates the 
output strobe (OSTB) is enabled. The H8/330 then goes to 
“sleep” until the output strobe interrupt occurs. 


After returning from the output strobe interrupt routine, the 
_ data output service routine has to determine whether or not the 
memory buffer is in a either the “empty” or “full” condition. 
If the buffer is in the empty condition, then this routine sets the 
“bufferempty” flag, deactivates the IBUSY signal, and resets 


the input watchdog timer in completing its operations. If the | 


buffer is not “empty,” then this routine must determine 
whether or not the buffer is in the “full” condition. If the buffer 
is in a “full” condition, then this routine just resets the input 
watchdog timer and completes 
its service with the IBUSY signal 
still being set. If the buffer is not Qutput Strobe 
‘in the “full” condition, then the 
routine clears the “buffer full” 
flag, deactivates the IBUSY sig- 





. During the execution of the main 


Application Note 


(thus generating no more strobes). Execution thenreturns to 


_ the data output service routine. Fora flow chart of this service 


routine, refer to Figure 5. 


Input INIT PuLse 


SERVICE ROUTINE 

The input INIT pulse (INIT) 
signal is connected directly to 
the NMI input of the H8/330. 
Whenever the sending device sets 
this signal active, the print buffer 
will disable all timers from gen- 
erating any of their interrupts. It 
then restarts the software just as 
if the reset pushbutton had been 
pressed. This allows the sending 
device to control the reset of the 
buffer and printer through its 
hardware signal. It does not in- 
terfere with any software reset 
commands sent directly to the 
printer. For a flow chart of this 
service routine, refer to Figure 6. 









intt Pulse 
Service Routine 


Disable 
further 


Irrer ; 
interrupts 





Innin 
DPOB UFEE 


Figure 6: ITNIT Pulse 
Service Routine 


Outrut INIT PuLseE — 
SERVICE ROUTINE 


Init Pulse 
Service Routine 





nal, and resets the input watch- 
dog timer in completing its op- 
erations. 


OuTPUT STROBE SERVICE 
ROUTINE 

During the execution of the data 
Output service routine, one of the 
8-bit multi-function timers is pro- 
grammed to generate the OSTB 
signal, and also an interrupt on 
the trailing edge of that strobe. 
During this service routine, this 


\ 












Disable 
CSTB\ 
| nterrupts 


Clear Flags 





Disable 

Pree dl 
anges to 
CETB\ 


routine, one of the 8-bit multi- 


_ function timers is programmed 


to generate the OINIT signal, and 
also an interrupt on the trailing 
edge of that strobe. During this 
service routine, this timer is pro- 
grammed notto generate any more 
interrupts and also to keep its 
output ata high level (thus gener- 
ating no more strobes). The rou- 
tine also clears the “oinit” status 
bit so that the main routine can 


complete it operation. For a flow 
chartof this service routine, refer 
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Now we can enable the second 8-bit multi-function timer to 
generate the OINIT signal and also the interrupts. Here we 
wait in a loop until the “oinit” status bit has been cleared to 
indicate that the pulse has occurred. Now we clear out the 
IBUSY signal so that input data strobes can occur, and set the 
status indicators to show that the print buffer is “online” and 





; “ready.” 


The last thing we do in the mainroutine is to enable the input 
watchdog timer so that its interrupts can be generated. 


Data Input SERVICE ROUTINE 

The input data strobe (ISTB) is input to the H8/330 as the 
lowest level maskable interrupt. Whenever the falling edge of 
the ISTB signal is detected, the H8/330 goes through the 
process of inputting data from the parallel port and placing 
into the print buffer. For a flow chart of this service routine, 
refer to Figure 3. In order to keep further ISTB interrupts from 
occurring before the print buffer is ready to accept them, this 
routine first sets the IBUSY signal active before it can do 
anything else. It then goes through the process of getting the 
data and writing it to the memory buffer. 


_ Aseparate pointer is maintained for the input position of the 


buffer. This position is checked against the output data pointer 
to determine when the buffer is to full to accept any more data. 
As long as the buffer is not full, the “buffer empty” flag is 
cleared, the input watchdog timer is reset, and the IBUSY 
signal is deactivated. This would complete this service rou- 
tine. If the memory buffer is determined to be full, then the 
“buffer full” flag is set, the “Buffer Full” status indicator is 
“tumed on,” and the service routine completes with the 
IBUSY signal remaining active after resetting the input 


watchdog timer. This inhibits further input strobe interrupts 


from occurring until the buffer has been emptied of some of 
its data. 


Data Output SERVICE ROUTINE 
One of the timers is initialized such that it will generate an 
interrupt to the H8/330 if no input or output activity takes 


place within 100 psec. Both the data input and data output 


service routines reset this counter in order to keep both 
activities going. For a flow chart of this service routine, refer 
to Figure 4. To ensure that no input data requests are generated 
while the output service is taking place, this routine also sets 
the IBUSY signal active immediately. 


Since a timer generated this request rather the printer itself, 
this routine must determine whether or not there is data in the 


- buffer to be output and whether or not the printer is ready to 
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could possibly be requested before the H8/330 is initialized 
[except for NMI (IINIT), which performs the same function 
as areset], wecan now go about the business of initializing the 
H8/330 without worrying about missing a request for buffer- 
ing. 


At this point, we go through the process of initializing all of 
the I/O ports for proper usage. Since all of the I/O ports of the 
H8/330 are initialized as input ports at reset, we must go 
through each port and setup both direction and functions. 


I/O Port 1 is used for two functions; status indication and input 
busy (IBUSY) signal control. All of these signals are outputs. 
The initial status for outputs on this port should be all high. 
This “turns” the LEDs off and sets the IBUSY signal active. 
To ensure that this happens as soonas the portis programmed 
for output function, we write to the data register prior to setting 
the direction. 


The second set of ports we initialize are for the memory buffer. 


In order to make sure that the memory is inactive when we 


program the ports, we write to the I/O port (Port5) used for the © 


control signals to make the WE and CS signals inactive when 
the direction is changed to outputs. We are then able to 
program the I/O ports to be used as the address bus. Both of 
these ports (Port 3 and Port 8) are to be used as outputs. The 
only other port used in connection with the memory buffer is 
for data access, Since this port will be used bidirectionally, the 
direction will be programmed as we need to use it. 


We can now program the ports that we intend to use for the 
_ parallel input and output ports. Since we have chosen Port 7 


certain that the printer itself gets reset) and to enable the MOS 
pull-up on the OBUSY signal. To do this we program the data 
register of the port with the value H’13 before programming . 
the direction of the port. For setting up bits 4 and 1 as outputs 
while bit 0 is an input, we must program the direction register 
with the value H’12. 


At this point in the main routine we finally come to where we 
getto use the I/O ports for controlling the memory buffer. We 
use this opportunity to clear the memory buffer contents. In 
performing this operation, we must first set the I/O port used 
for the data bus to the output direction. We can then setup the 
ports used for the memory address with a valid address as well 
as the data port with the clearing value to be written. Next we 
write to the I/O portused for the control signals to activate the 
WE and correct CS signal. Since were are using different 
instructions to set and clear these bits, we can immediately 
deactivate the signals after having activated them. This 
sequence provides plenty of time for proper SRAM operation. 
This function is positioned inside a loop that executes until the 
entire buffer has been cleared. 


We are now at a position where we can set the program 


constants and operation flags, as well as initializing the timers 
for their uses. The 16-bit free-running timer is used for 
watching input activity. This timer is programmed to generate 
aninterruptevery 100 psec, but this occurs only ifitis notreset 
in a service routine. One of the 8-bit multi-function timers is 
used to generate the output data strobe. This timer is pro- 
grammed to generate a negative-going strobe that is 2.4 psec 
in width, and an interrupt on the trailing edge of that pulse. 
Since we don’t want to generate the strobe at this time, the 


for the input port, no direction programming is necessary 
because Port 7 is input only anyway. Port 6 is used for the 
output parallel port so its direction must be changed. Port 9 is 


timer output is programmed to remain ata high level withno Z 
interrupts generated. We control the output level during the = 
output service routine. The second 8-bit multi-functiontimer & 





used for control over both the input and output parallel ports. 
The signals involved here are the input strobe (ISTB) and the 
two control panel switches for online and output hold. Since 
all three of these signals are inputs, no direction change is 
required. We can, however, use the internal MOS pull-up 
feature of the port so that external resistors are notneeded. To 
control this feature, we can write to the port data register with 
“1s” to enable the pull-ups (this feature is available only with 
port bits that are inputs). 


Port 4 is used for control signals directly affecting the output 
parallel port. These signals include the output strobe (OSTB), 

output busy (OBUSY), and output initialization (OINIT). 

Since the OBUSY signal is an input while the other two signals 
are outputs, we must program this port for a mixture of input 
and output lines. Initially, we would like to ensure that the 
OSTB signal is inactive while the OINIT is active (to make 
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is used to generate the output initialization (OINIT) pulse. 
This timer is programmed to generate a negative-going strobe 
that is 40 psec in width, and an interrupt on the trailing edge 
of that pulse. Again, we do not wish to generate the strobe right 
now so the timer output is programmed to remain at a high 
level withno interrupts generated. We will generate the strobe 
right after we initialize the interrupt structure. 


The interrupt structure must be setup to handle three (3) 
external interrupts and also for those external interrupts 
generated by the falling edge of a signal. For the external 
interrupts, this isaccomplished by programming the Interrupt 
Sense Control Register (ISCR) for edge selection prior to 
programming the Interrupt Enable Register (IER). The inter- 
rupt mask is then released in the Condition Codes Register 
(CCR) of the H8/330 in order to enable all interrupts. 
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Three of the on-chip timers are used for strobe generation and 
event monitoring. One of the 8-bit multi-function timers is 
used to generate an output data strobe while the second multi- 
function timer is used to generate an output printer initializa- 
tion strobe. Since the multi-function timers can control both 
of these outputs directly, Port 4 was used for this function. The 
16-bit free-running timer is used for event monitoring; its 
function is basically that of a watchdog timer. This timer is 
started and allowed toruncontinuously until an input service 
is requested. During the service of the input interrupt request, 
this timer is reset. If the timer is allowed to overflow, then the 
software assumes that there was no input activity and will 
check to determine if any output service can be performed. 
This timer is also reset during the output service routine. The 
interrupt generated by this timer is used internally only and not 
brought out to the rest of the system. 


Memory BUFFER 

The interface to the memory buffer requires fifteen (15) lines 
for address (32K), eight (8) lines for data access, two (2) lines 
for chip selection, and one (1) line for write control. Since the 
memory devices draw the most power when they are chip 
selected, it was unnecessary to use an I/O line to control the 
output enables. These lines were left tied to ground so that they 
- would always be active. In this manner, the chip select (CS_) 
signal activate the appropriate memory device and keep 
power consumption to a minimum. I/O Port 5 happens to be 


a 3-bit port and is ideal for use for the three control signals. © 


Since Port 8 is already a 7-bit port, it was convenient to use il 

for the most significant portion (MA,,-MA,) of the address 

bus. Two more 8-bit ports are required to complete the address 

bus as well as the data access bus. Since only two full 8-bit 

ports remained, we used Port 2 for the data bus (MD,-MD,) 

_ and Port 3 for the least significant byte (MA,-MA,) of the 
address bus. 


SOFTWARE 


The print buffer software basically consists of eight separate 
routines. 


1. The main routine performs initialization of the I/O 

ports, timers, and the memory buffer as well as the 

- generation of an initialization pulse for the printer 
attached to the buffer. 


2. The input strobe (ISTB) service routine is responsible 


for placing data from the input data port into the 
memory buffer. This routine has the lowest priority of 
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all the external interrupt routines, but does take prece- 
dence over all internal interrupts. 


3. The output service routine is responsible for placing 
data from the memory buffer out to the output port. This 
routine is allowed to occur only when no other higher 
priority activity (IINIT, ISTB, or control panel switch 
press) has requested service within 100 psec. This 
routine is also responsible for generating the output data 
strobe (OSTB). 


4. The output strobe service routine takes care of disabling 
the multi-function timer from generating further output 
strobes (OSTB) as requested by the output service 
routine, 


5. The inputinitialization (IINIT) service routine provides 
ameans by which the sending device can reset the print 
buffer as well as the printer connected to it. This 
includes generation of an output initialization strobe 
(OINIT) as well as initializing the print buffer 


6. The initialization strobe routine takes care of disabling 

the multi-function timer from generating further output 

initialization strobes (OINIT) as requested by the input 
initialization service routine. 


7. The online pushbutton service routine monitors an 
external switch which allows the user control over 
whether or not to allow data to be input to the print 
buffer. This performs a function similar to a printer’s 
“online” switch. 


8. The pause pushbutton service routine also monitor an 
external switch. This routine allows the user control 
over allowing the datain the memory buffer to be output 
to the printer. This would be useful in instances where 


SECTION 


the printer’s “online” switch might not be readily — 


accessible, 


Complete source listings for each routine, as wellas support- 


ing files, can be foundin Appendix A. 


MAIN ROUTINE 

This routine performs the function of initializing the print 
buffer for operation. For a flow chart of its sequence, please 
refer to Figure 2. Inorder to prevent any interrupts from being 
requested by the input port, the main routine sets the I]BUSY 
signal active. By setting this signal active, the sending device 
is inhibited from generating any strobe (ISTB) signals to the 
print buffer. Since the ISTB interruptis the only interrupt that 


Section 


5 53 














H8/330 


DESIGN CONSIDERATIONS 


One of the main considerations in the demo design was to keep 
the parts count to aminimum. This meant that we would have 
to use the features of the H8/330 wherever possible rather than 
an external device. A simple block diagram of the print buffer 
is shown in Figure 1. 


The required parts had to consist of the H8/330 and some 
memory chips. We chose to use two (2) HM62256 SRAMs 
(32Kx8) to provide us witha 64K byte buffer. In order to clean 
up the power-on reset circuitry, we chose to add a 74HC14 
although it probably wasn’t necessary. This kept our parts 
count to only four ICs. 


Wealso wanted to have some control over the operation of this 
print buffer. For this reason, three (3) switches were added to 
provide for an external reset, ameans of taking the buffer “off- 
line” (just as if it were a printer), and a means of halting the 
buffer’s output. We also wanted to have an indication of this 
control, so four (4) LEDs were added to indicate the status of 
the buffer. 


You will find acomplete schematic of the H8/330 Print Buffer 
in Appendix A (Figure A-1). You may want to refer to this 
schematic as we discuss our decisions for devicesand _I/ 
O port usage. 


I/O Port USAGE | 

In the expanded modes of operation, the H8/330 has the 
capability of directly addressing external memory through the 
_ use of twenty-seven (27) of its I/O lines. We could have used 


one of these modes of operation, but that would limit the size 


of our storage buffer to considerably less than 64K bytes. 
Also, in these modes of operation, the only two ports on the 
H8/330 that have the capability to drive LEDs directly also 
serveas the external address bus. In order not to require the use 
of an external device to drive LEDs, and also to allow a large 
storage buffer (we chose 64K bytes for simplicity), the single- 
chip mode of operation was used. This forces us to use 
individual I/O ports to control buffers addressing, memory 
control, and data access. We are, however, not losing the use 
of any I/O lines because of this. : 


STATUS DISPLAY 

In this design, we have four (4) LEDs that are used to display 
the status of the print buffer. These status indicators include 
Ready, Online, Buffer Full, and Output Hold. Since only ports 
1 and 2 have the capability of driving LEDs directly, neither 
could be used to address the external memory buffer. Port 1 


* 
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was chosen to indicate the status. 


CONTROL PANEL 
Also in this design, we have two (2) switches which are used 


to provide user control over the actions of the print buffer. 


These two switches allow the user to halt (or restart) the — 
buffer’s output, and take the print buffer on-line or off-line. 
Since continual polling of these switches would take too much 
time out of the spooling action, it was decided to use external 
interrupts as the switch inputs. This meant that Port 9 would 
be used for this function. I was also convenient since Port 9 has 
internal MOS pull-up resistors, thus keeping with our con- 
Straint of minimizing the parts counts. 


The third switchof the control panel controls ahardware reset 
to the print buffer in the event that the user wishes to reset the 
buffer during its normal operation. 


PARALLEL INPUT AND OUTPUT 

Since this print buffer is parallel-in and parallel-out, three (3) 
8-bit ports are required to allow for this interface (data plus 
handshake). The A/D converter of the H8/330 is not being 
utilized for this application so I/O Port7 is ideal for the parallel 
input port (since it happens to be an input only port anyway). 
Also, since no other external interrupts are required and the 
free-running timer interrupt is internal only, I/O Port 6 is an 
ideal selection for the parallel output port. 


Additionally, three control signals (INIT, STB, and BUSY) 
from both the input and output ports are necessary for proper 
operation. 


The INIT strobe (IINIT) from the input port is fed directly to 
the NMI input of the H8/330. When the personal computer 
generates this strobe, it is an indication that the system 
hardware wishes to reset the printer. For this reason, thisevent 
takes precedence over all others. When this occurs, the print 
buffer will generate an INIT pulse (OINIT) for the output port 
to reset the printer. This pulse is also generated during the 
initialization sequence of the print buffer. 


The input STB signal (ISTB) is accepted as a maskable 
interrupt to Port 9. This strobe has the lowest priority of all 
maskable external interrupts in order to ensure that the 
initialization pulse and the switch press interrupts take prece- 
dence. This event causes the generation of the input BUSY 
signal (IBUSY) so thatno other input STBs canoccur until the 


data is properly buffered. 
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Paralilel-to-Parallel Print Buffer Controller 


INTRODUCTION 


The HD6473308 (H8/330) is a highly integrated 8 -bit micro- 
computing unit. Along with a central processing unit utilizing 
a reduced instruction set designed for speed, the H8/330 
incorporates several system peripheral devices and memory 
onto a singlechip. These on-chip functions include 16K bytes 
of ROMorEPROM, 512 bytes of RAM, 15 bytes of dual-port 
RAM, 5 timers, a UART channel, 8 channels of A/D conver- 
sion, and 9 I/O Ports. 


These features allow the H8/330 to be used in many applica- 
tions; a print buffer is merely one of the vast possibilities. In 
this application, we are able to examine the usage of several 
__ of the on-chip peripherals as well as I/O ports and interrupt 

- control. While this application does not use all of the periph- 
eral features of the H8/330, it does provide programming 
examples for many of the peripherals as well as the CPU itself. 


Three of the on-chip timers are used to control such events as 
strobe generation for both output data and printer initializa- 


Tom Hampton 


tion, and also for event monitoring. This is accomplished 
through the exception processing features of the H8/330. Four 
external interrupts are utilized to monitor input data strobes, 
input initialization strobes, and pushbutton (control panel) 
events. 


In order to maximize the external memory addressing capa- 
bilities for this application, the H8/330 device is used in the 
single-chip mode of operation. In this mode, many of the I/O 
ports are used to control the memory buffer itselfas well as for 
status displays. One of the I/O ports is even used for a 
bidirectional data bus even though the H8/330 does not have 
that feature directly. 


Even though this application uses very little on-chip memory 
(less than 512 bytes of ROM and less than 20 bytes of RAM), 
the on-chip memory capabilities of the H8/330 provide enough 
room for code and data storage required by most applications. 
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Figure 1: Buffer Block Diagram 
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*** H8/300 ASSEMBLER VER 1.1 °*** 05/01/91 12:20:11 PAGE 1 
PROGRAM NAME 








1 7H8/300 CPU 16x16 Multiply Routine 
2 
3 :This routine uses strictly registers to maintain all 
4 sstorage facilities and for calculation. 
5 : 
6 sRegister Usage 
7 sEntry: 
8 : Rl = Multiplier 
9 3 R2 = Multiplicand 
10 ; R3,R4 = Temporary Result 
11 ; RS = Temporary Storage 
12 Exit: 
13 : R1 = Result, LSwW 
14 : R2 = Result, MSW 
15 
16 :Pictorial Description: 
17 ; R2H R2L 
18 3 R1H RIL 
19 ; 
20 ; R2L*R1IL 
21 ; R2H*R1L 
22 ; R2L*R1H 
23 ; R2H*R1H 
24 3 _ 
25 ; ~-R ESULT-- 
26 ; 
27 P Cc 0000 mult16: 
28 P Cc 0000 79040000 stepl: mov.w #0,r4 sclear result register 
29 P Cc 0004 0D25 mov.w r2,xr5 . gave multiplicand 
30 
31 P C 0006 5092 step2: mulxu = ril,r2 zmultiplier(L) x multiplicand(L) 
32 P C¢ 0008 0D23 mov.w r2,47r3 el. R30 <—- R2LARIL 
33 
34 P C 000A OCSA step3: mov.b  r5h,r21 zretrieve multiplicand (H) 
35 
36 P c 000c 5092 step4: mulxu = r11,r2 smultiplier(L) x multiplicand(H) 
37 P C OOOE 08A3 add.b r21,r3h 22. R3H <— R3H + (R2H*R1L)L 
38 P C 0010 OF2c addx r2h,r4l : R4L <— (R2H*R1L)H + CY 
39 
40 P C 0012 ODS2 step5: mov.w r5,r2 retrieve multiplicand 
41 
42 P C 0014 5012 step6: mulxu rih,r2 smultiplier(H) x multiplicand(L) 
43 P C 0016 08A3 add.b r21,r3h 73. R3H <~ R3H + (R2L*R1H)L 
44 P C 0018 OE2c . addx r2h, r41 ; R4L <— R4L + (R2L*R1H)H + CY 
45 P C OO1A 9400 addx #0,r4h : R4H <— CY 
46 
a7 Pp C 001C OCSA step7?: mov.b r5h,r2l sretrieve multiplicand (H) 
48 ; 
49 P C 001B §012 step8: mulxu rlh,r2 zZ 
50 P C 0020 0942 add.w ss -r4,r2 24. R2  <- R4 + (R2H*R1H) Oo 
51 P C 0022 0D31 mov.w r3,rl :setup return results — 
52 O 
53 P © 0024 5470 rts :return i 
54 
55 end 
see e*TOTAL ERRORS 0 
eeeaeTOTAL WARNINGS - 0 
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Again our original multiplicand that was in R2 is no longer 
valid, so we must retrieve it from storage (see Figure 10). We 
must retrieve the high-byte of the saved multiplicand and 
place it into the lower half of register R2. Remember that the 
destination operand must exist in the lower half of the register 
in order for the multiply instruction to execute. This is 
performed with the following instruction: 


mov.b r5h,r21 





Figure 10 Step 7 


In the eigth step (the final one of our multiplication itself) we 
multiply the upper byte of the multiplicand by the upper byte 
of the multiplier (see Figure 11). This result (H'0DCO0) is then 
added to the upper word (R4) of the previous results to provide 
our final answer, H'0E2F6721 (H'006F6721 + H'0DC00000). 
Atthis time we also move the resultto registers R1 and R2 for 
return to the calling program (see Figure 12). This is per- 
formed by the following instructions: 


mulxu rih,y2 

add.w 14,r2 

mov.w r3,rl 

rts 
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Figure 11: Step 8a 
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Figure 6: Step 3 


The fourth step now multiplies the upper half of the multipli- 
cand by the lower half of the multiplier. This result (H'37C0) 
is added to the previous result (see Figure 7), but not directly 
to itsince some shifting of the results must be performed. We 
must add the low byte of this result (R2L) with the high byte 
of the previous result (R3H). We must then add the high byte 
of this result with the carry-over from the previous addition 
and place the result in R4L. This generates a 32-bit result of 
H'00389E21 (H'37C000 + H'DE21). This is performed with 
the following instructions: 
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Figure 8: Step 5 





The sixth step now multiplies the upper half of the multiplier 
with the lower half of the multiplicand. The result of this 
operation (H'36C9) is also added to the previous result, again 
with some shifting performed (see Figure 9). We must add the 
low byte of thisresult (R2L) with the high byte of the previous 
result(R3H). We mustthen add the high byte of this result with 
the carry-over from the previous addition and the current 
value inR4L, and place the result inR4L. The carry-over from 
this addition is placed into R4H. This alters our previous 32- 
bitresult to be H'006F6721 (H'00389E21 + H'36C900). This 
is performed with the following instructions: | 


mulxu rlh,r2 

add.b 121 r3h mulxu rlhj72 

addx r2h,r4l add.b r2lr3h 
addx r2h,r41 
addx #0,r4h 






BB| R1| 37 || DF 


R213 
ofl 
ns | 40 | [FF] 


Figure 7: Step 4 
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SECTION 








We have now performed an 8x16 multiply function, but that 
is not what we wanted to do, but we are halfway through. 
Again our original multiplicand that was in R2 is no longer 
valid, so we must retrieve it from storage (see Figure 8). This 
is performed with the following instruction: | 


Figure 9: Step 6 


mov.Ww 


r5,12 
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Figure 2: Modified 
Multiplication Procedure 


used for performing the function. If the user decides it is 
important to save the current state of the working registers, 
thenitis easy to add “push” instructions at the beginning of the 
routine to save the data, and “pop” instructions at the end of 
the routine to restore the data. As we discuss this routine, we 
will examine the modified procedure in detail as well as an 
example of data used in the execution of the routine. 


Before the routine is called, the user must place the two 16-bit 
operands to be multiplied in registers R1 and R2 (see Figure 
3). For this discussion, R1 will contain the “multiplier” and R2 
will contain the “multiplicand.” The result will be returned in 
these same registers, so if the original operands are to be used 
later, it is also up to the user to save them elsewhere. In our 
example, we will use the data H’37DF and H’40FF for the 
- multiply routine. | 









H L H L 
[aa] [20] ms [37] [oF] 
[ec[o0] 2 [ao | FF] 


Figure 3:Parameter Passing 


The first step we must perform in this routine is to prepare. the 
destination working registers (R3 and R4, only R4 requires 
Clearing) and also to save the multiplicand into a temporary 
register (RS) because we will need it again later (see Figure 4). 


Application Note 


mov.w #0,14 
mov.w 12,15 






R2 






XX 11 XX] RB | XX) XX 


[ec][o0} rs [+o JL] 


Figure 4: Step 1 
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R5 


Inthe next step, we perform the multiplication of the two low- 
bytes of the multiplier and multiplicand (see Figure 5). This 
result (H'DE21), which exists in R2, is then placed into our 


- destination registers (R3 and R4, only R3 is required at this 


time). This is performed with the following instructions: 


mulxu r1l,r2 
mov.w 12,13 





Figure 5: Step 2 


Our original multiplicand that used to be in R2 is no longer 
valid since R2 has been corrupted because of the multiply 
instruction. In the third step (see Figure 6), we must retrieve 
the high-byte of the saved multiplicand and place it into the 
lower half of register R2. Remember that the destination 
operand must exist in the lower half of the register in order for 
the multiply instruction to execute. This is performed with the 
following instruction: 


This is performed with the following instructions: meV 752 
are HITACHI 


44 5 


Hitachi America, Ltd. « San Francisco Genter « 2000 Sierra Point Pkwy. Brisbane, CA 94005-1819 « (415) 589-8300 


May, 1991 





H8/300 Family 


Application Note 
16 x 16 Multiply 


INTRODUCTION 


The H8/300 CPU core is very powerful considering that it is 
an8-bit architecture. Part of its power comes from the flexible 
instruction set, which allows for many byte and word opera- 
tions. Part of its power also comes from the ability of the 
architecture to allow use of the general purpose register as 
either 16-bit or 8-bit registers as needed. While the instruction 
set is extremely powerful in its ability to handle bit-wide and 
byte-wide data, it only has a small number of instructions 
(other than data transfer) that allow operations on word-wide 
data. 


One of the instructions that is noticeably missing is in the 
arithmetic area. While the CPU has the capability of doing an 
8x8 unsigned multiply, it lacks the capability of doing a 16x16 
unsigned multiply. Even though this instruction does not 
exist, the function can be easily implemented using the 
instructions currently available. 


Tom Hampton 


In this application note, we will examine a routine that 
provides the user witha 16x16 unsigned multiply function as 
well as perform it in a very short amount of time. In perform- 
ing this operation, we will make use of the flexible instruction 
set as well as the architecture’s flexibility to be used as either 
byte-wide or word-wide registers. Only five general purpose 
registers are used in this routine, including the two that pass 
the parameters. No fancy tricks were used, but it was impor- 
tant to pay special attention to the manner in which the 
multiply instruction operated on the registers. 


This instruction requires that the destination operand be 
contained in the lower half of a 16-bitregister even though the 


- entire register will be used to hold the results. For this reason, 


it was necessary to use otherregister for working registers and 
temporary storage. 





MULTIPLICATION PROCEDURES 


STANDARD PROCEDURE 

If one examines the normal procedure of a 16-bit multiply 
operation (see Figure 1), it would be easy to see the steps that 
would be taken if the H8/300 CPU had a 16-bit unsigned 
multiply instruction. The first step would be to multiply the 
16-bits of one operand by the lower “digit” of the second 
operand, thus potentially yielding a 24-bit response. The 
second step would be to multiply the same 16-bit one operand 
by the higher “digit” of the second operand, whichcould yield 
yet another 24-bit response. The final step would be to add 


aa] ee 
x [ec] 


AAD BBDD 


AACC | BBCC 


int] ne] a Na 


Figure 1: Standard Multiplica- 
tion Procedure 
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these 24-bit responses together in the proper sequence (with 
required shifting) to forma 32-bit result. This is the procedure 
that we are all used to for multiplication. 


MODIFIED PROCEDURE 

Since the H8/300 CPU does not have a 16-bit multiply 
instruction, the normal procedure cannot be used. Instead we 
must modify the procedure to account for the creation of only 
16-bit intermediate results (see Figure 2). In this procedure, 
we must multiply the individual 8-bit “pieces” of the operand 
to form intermediate results. This requires four steps since we 
actually have four bytes of operand data that we must multiply 
together. The results of these pieces of intermediate data must 
then be added together in the proper sequence (with shifting) 
to form the final 32-bit result. 


SOFTWARE DESCRIPTION 


The routine written to perform the 16x16 unsigned multiply 
function is shown in Listing 1. You may wish to refer to this 
listing during the following discussions. The routine occupies 
only 38 bytes of code space while executing in 8.6 psec. One 
of the first things to note in this routine is that no registers are 
saved even though some of the general purpose registers are 
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Q&A No. 













Product H8/300 CPU ~ QA8300-027A 





Topic Debug information 


Classification—H8/300 
Registers 
Read timing 
Write timing 
nterrupts 
eset 
External expansion 
Power-down state 


Question 


1. If link a program with the (DEBUG option and store it as an 
absolute module, then use the converter to convert it from SYSROF 
type format to S type or HEX type format, will debug information 
be included? | 







Instructions 
Software 
Development tools 


Miscellaneous 
Related Manuals 
Manual Title 






Answer 


1. Debug information is included only in the SYSROF type format. 





No debug information is included in the S type or HEX type format. 
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Technical Questions and Answers 


| Product H8/300 CPU Q&A No. QA8300-026A 


Omitting :3, :8, :16, and @ 
Classification—H8/300 


1. In using the H8/300 cross assembler, when can you do the sak — 
, 
following? Ee 































Reset 
External expansion 


Power-down state 


Instructions 


Development tools 


(1) Omit :3 







(2) Omit :8 






(3) Omit :16 






(4) Omit @ 








Miscellaneous 
Related Manuals 


Manual Title 






These can be omitted in the following cases. 





You can omit :3 when coding an immediate valuc in a bit 
manipulation instruction. 











You can omit :8 when coding an immediate valuc in a byte opcrand, Other Technical 
or an address value in the absolute addressing mode. Documentation 


Document Name | 





(3) You can omit :16 when coding an immediate value in a word 
operand, an address value in the absolute addressing mode, or a 
displacement in the register indirect with displacement addressing 
mode. 





















You can never omit @. 


Related Microcomputer 
7 Technical Q&A 
@ indicates the addressing mode. You must code this symbol 
whenever using the absolute address, register indirect, memory 


indirect, or register indirect with displacement addressing mode. 
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Setting a symbol with EQU $ 







_ QA8300-025A 










Classification—H8/300 





eset 
External expansion 
Power-down state 


What values are assigned to LBL1 and LBL2? 


In a program coded like this: 
LBLI  EQU $$ caeceeestssssseseeeene (1) 
EBL?.. ° « Same (2) 


nstructions 
oftware 
Development tools 
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1. In both lines (1) and (2), the current location counter value is 
assigned to LBL1 or LBL2. 






The presence or absence of .EQU $ does not make any difference. 
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Technical Questions and Answers 


QA8300-024A 


Product | 1000 CPU 


Topic. Moving data specified by a label 


How do you program the following operations? 
Transfer data defined by an EQU directive to a general register. 
Transfer data defined by a DATA directive to a gencral register 


Transfer data in an area defined by an RES directive to a general 
register 


Code your software as follows: 


1. MOV.B #[label-name], Rn 
(W) 


2. MOV.B @[label-name], Rn 
(W) 


3. MOV.B @[label-name], Rn 
(W) 


Additional information 
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| Product H8/300 CPU Q&A No. QA8300-023A 


BRA and BRN instructions 


—— _- Classification—H8/300 


Registers 

Read timing 

Write timing 
' Interrupts 
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1. What does the “True” condition mean in the BRA (or BT) 
instruction? | 


2. What docs the “False” condition mean in the BRN (or BF) 
instruction? 
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| Answer | Related Manuals 


; est ; . gat Manual Title 
1. The BRA instruction is equivalcnt to a JMP instruction, performing 


the operation PC + disp — PC. Unlike the JMP instruction, 
however, it can branch only in the range from +255 to ~256 bytes. 






2. The BRN instruction is equivalent to two NOP instructions. 
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Technical Questions and Answers 


Product H8/300 CPU Q&A No. QA8300-022A : 


1. Are there any points to note about stack usage? 














Notes on stack usage 
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Read timing 
Write timing 
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External expansion 


Power-down state 


Instructions 


Development tools 


Miscellaneous 


Related Manuals 


Manual Title 











1. When used for exception handling, the stack is always accessed a 
word at a time, regardless of the data sizc. 






When accessing the stack using the post-increment or pre- 
decrement addressing mode, you should always use word access. 
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| Product H8/300 CPU Q&A No. QA8300-021A 


Topic Support of DAA and DAS instructions for INC and DEC 
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Manual Title | 


H8/300 Series Programming 
Manual 
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1. The DAA instruction is intended for use with add (ADD) 
instructions, but what happens if DAA is executed after an INC 
instruction? 










2. The DAS instruction is intended for use with subtract (SUB) 
instructions, but what happens if DAS is executed after a DEC 
instruction? 















1. Basically, the DAA instruction is not supported after execution of 
an INC instruction. | 





















2. Basically, the DAS instruction is not supported after execution of 
a DEC instruction. 
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Additional Information 


The actual operation performed is determined by the flag states. 
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1. When are interrupts sampled during sleep mode? 


2. If aninterrupt is sampled, how many system clock cycles later does 
the chip wake up? : 


U0 


nstructions 
Software 
Development tools 


Miscellaneous 
Related Manuals 
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Interrupts are sampled on the falling edge of the system clock, just 
as in active mode. 


The chip wakes up from sleep mode 0.5 system clock cycle after the 
interrupt is sampled. 
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Interrupts during fetching and execution of SLEEP instruction 


QA8300-019A 















| 


1. How does the H8/300 CPU operate if it receives an interrupt while 
fetching a SLEEP instruction? 


Classification—H8/300 
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Write timing 
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2. How does the H8/300 CPU operate if it receives an interrupt while 
executing a SLEEP instruction? 






External expansion 
Power-down state 


Software 
Development tools 


Miscellaneous 
Related Manuals 


Manual Titl 
1. The SLEEP instruction is executed after the end of interrupt sels 


handling, without passing through sleep mode. 













2. Sleep mode is released to handle the interrupt. At the end of 
interrupt handling, the next instruction after the SLEEP instruction 
is executed. | 
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H8/300 CPU Q&A No. 
Notes on entering sleep mode 


1. Are there any points to note when the H8/300 CPU enters sleep 
mode by executing the SLEEP instruction? 
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1. The points listed below should be noted, depending on the method 
used to recover from sleep mode. 


Recovery Method 
NMI interrupt IRQn Interrupt 


Set | bitin CCR to 1, . Clear | bit in CCR to 0, 
or and 

clear all interrupt clear interrupt enable 
enable bits to 0. bits to 0, except for 
interrupts used for 
recovery, 

and 

make sure NMI is not ° 
requested. 
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H8/300 CPU Q&A No. QA8300-017A 


Entering sleep mode 







1. Does the H8/300 CPU always enter sleep mode when it executes 
the SLEEP instruction? . 


















Classification—H8/300 
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1. Executing the SLEEP instruction does not always put the H8/300 to 
sleep. The SLEEP instruction enters sleep mode in the following 
Cases: 










The software standby bit (SSBY) in the system control register 
(SYSCR) is cleared to 0, the RES and STBY lincs are high, there is 
no NMI request, and all other interrupt requests are disabled (or no 
other interrupt is requested). 
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(2) The SSBY bit in the SYSCR is cleared to 0, the RES and STBY 
lines are high, there is no NMI request, and the I bit in CCR is set 
to 1. 
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H8/300 CPU Q&A No. QA8300-016A 


Acceptance of external IRQ1 after recovery from software standby mode 


















1. Suppose the chip enters software standby modc with the IRQ sensc 
control register (ISCR) cleared to H’00 (selecting level triggering) 
and the I bit in CCR cleared to 0. During software standby mode 
the IRQi line is driven low, then the chip recovers to active mode. 
If the IRQi line continues to be held low after that, will the IRQ1 
interrupt be accepted? 
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1. Yes, it will be accepted. 
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Topic 


| Classification—H8/300 
| Registers 

Read timing 

Write timing 
















1. Are there any points to note when the H8/300 CPU enters software 
standby mode by executing the SLEEP instruction after setting the 
software standby bit (SSBY) in the system control register (SYSCR) 


to 1? 
eset 


xternal expansion 
ower-down state 


ujm 


Software 
Development tools 





Miscellaneous 


| Answer Related Manuals 


Manual Title 
1. The points listed below should be noted, depending on the method 


used to recover from software standby modc. 


Recovery Method 


NMI Interrupt IRQo-IRQ2 Interrupt 


Necessary Set | bit in CCR to 1, Clear | bit in CCR to 0, 
register or and 
settings clear bits IRQ0E-IRQ2E | clear interrupt enable 
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and other to 0. bits to 0, except for 
conditions interrupts IRQo-IRQ2 
if used for recovery, 
and 


make sure NMI is not _| Related Microcomputer 
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Question 


1. Does the H8/300 CPU always enter software standby mode when 
the SLEEP instruction is executed after the software standby bit 
(SSBY) in the system control register (SYSCR) is sct to 1? 
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Related Manuals 
Manual Title 


Answer 


1. The H8/300 CPU does not always enter software standby mode 
when the SLEEP instruction is executed after the SSBY bit in 
SYSCR is set to 1. It enters software standby mode when the 
SLEEP instruction is executed after the SSBY bit in SYSCR is sct 
to 1 in the following cases: 
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(1) If RES and STBY are both high, there is no NMI request, and IRQO 
and IRQ? are disabled (or neither interrupt is requested) 









If RES and STBY are both high, there is no NMI request, and 
the I bit in CCR is set to 1. 
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1. The chip can be recovered from hardware standby mode by driving 
RES low, then STBY high. How long before STBY goes high does 
RES have to go low? 
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1. When the chip is recovered from hardware ee mode, the setup ee 
| time of RES to STBY becomes 0. 
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Acceptance of external IRQ1 after recovery from hardware standby mode 














1. Suppose IRQ! is driven low during hardware standby mode, and is 
still low when the chip is recovered from hardware standby modc? 
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If the IRQ1 line is kept low after recovery, will the interrupt be 
accepted? 
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1. The chip recovers from hardware standby mode via the resct state. 










IER (the IRQ enable register) is therefore initialized and IRQ] is 
disabled. The IRQiE bit (IRQ! enable) in IER is cleared to 0. The 
interrupt is not accepted immediately after recovery. 
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0, and the IRQ1 line is still low, then the interrupt will be accepted. 








Related Microcomputer 
Technical Q&A 








Additional information 






HITACHI | 
Hitachi America, Ltd. San Francisco Center * 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 * (415) 589-8300 





Technical Questions and Answers 


| Product H8/300 CPU | Q&A No. QA8300-011A 
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1. When alow STBY input drives the H8/300 CPU into hardware 
standby mode, what happens to the instruction currently being 
executed? 
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2 Answer 


1. The instruction being executed is aborted, without waiting for the 
instruction to end. Normal execution of the instruction is not 
assured. 
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- 1. Will the chip enter hardware standby mode if STBY is driven low 
_ while RES is high? 
















Read timing 
Write timing 





eset 
External expansion 
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Answer 


1. Yes. Regardless of its current state, the chip enters hardware 
standby mode whenever STBY is driven low. 
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Hardware standby mode entry timing 


(2) When it is not necessary to hold RAM contents, the setup time of RES to STBY becomes 0. 







Setup = 0} tosc1 
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Hardware standby mode entry timing 


Question 
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Classification—H8/300 
Registers 

Read timing 

Write timing 


1. Are there any restrictions on the time t in the drawing below for 
entering the hardware standby mode? 
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1. The following restrictions apply. 









(1) To hold RAM contents, t must be at least 10 system clock cycles. 
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Stack pointer initialization immediately after a reset 


1. Why is it necessary to initialize the stack pointer immediately after 
a reset, even though all interrupts are inhibited immcdiatcly 
after a reset? 
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ower-down state 
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1. Sampling of the NMI signal starts one system clock after the reset. 
If the NMI signal is active at this time, the NMI intcrrupt will be 
accepted as soon as the first instruction has becn executed after the 
resct. . 
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To prevent program crashes, you should therefore initialize the stack 
pointer immediately aftcr the resct. 
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Additional Information 


It is only for one system clock cycle that all interrupts are inhibited immediately after a resct. 






HITACHI Section 
Hitachi America, Ltd. San Francisco Center * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « (415) 589-8300 5 23 


Section 


22 § 


| Answer 


Technical Questions and Answers 


| Product H8/300 CPU Q&A No. QA8300-007A-2 
NMI sampling and acceptance immediately after a reset 







[Example] 


r | High reset signal 
_tress ' '_ tress sampled 


RES \ | 


‘ t 

: ot 
ca bres 

‘ 1 

t 


‘ 
t i 
‘ ' ‘ i ’ ’ 
’ 1 ' ’ & 1 4 ' : 
: 4 ' ’ + ' ; 
- a 
















| NMI not sampled NMI sampled 
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NMI sampling and acceptance immediately after a reset 
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1. When is the reset signal sampled? 


2. When is the NMI signal sampled? 


Interrupts 


Reset 
External expansion 


Power-down state 
Instructions 


Software 





3. After a reset, when is the NMI signal first sampled, and when can it 
first be accepted? 





Development tools 


Miscellaneous 


| Answer _| Related Manuals 


Manual Title 
1. The reset signal is sampled on the falling edge of the system clock. 
2. The NMI signal is also sampled on the falling edge of the system 
Clock. 


The NMI signal is not sampled during the reset period, however. Other Technical 


Documentation 


3. Sampling of the NMI signal starts from the first system clock-cycle 
: : : : Document Name 
in which the high reset signal is sampled. The NMI interrupt 


becomes acceptable when the first instruction has been executed 
after the chip comes out of resct. 
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(See next page) 
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Pending interrupts 


IRQn (extemal interrupts) can be disabled in the two ways listed below. 
What happens to pending interrupts in these two cases? — 
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1. Disabled in IER (IRQ enable register) 









2. Disabled by I bit in CCR 





U 


Software 
Development tools 
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Pending interrupts are handled as follows 








1. If.an interrupt is disabled in IER (IRQnE bit = 0), it is not held 
pending 













In the disabled state, the IRQn signal input is ignored. Interrupt 
requests made in the disabled state are not sampled. The interrupt 
will not be handled even if it is later enabled in IER. 
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2. An interrupt that is requested while enabled in IER (IRQnE bit = 1) 
but masked because the I bit in CCR is set to | is held pending in 
the CPU's interrupt controller. If the I bit is later cleared to 0), the 
interrupt will be handled. 
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NMI requirements 


1. What are the requirements for NMI? 





















Classification—H8/300 
Registers 
Read timing 
Write timing 
nterrupts 
eset 
External expansion 
Power-down state 






nstructions 
Software 
Development tools 





Miscellaneous 
Related Manuals 
Manual Title 







1. The following requirements apply to NMI. 










(1) During normal operation 


There are requirements for setup and hold times. Sce the drawing 
below. 
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tnais |/tNMIH 








To recover from software standby mode 
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The requirement is given in terms of NMI width tymiw. Title 


tNaMiw 
NMI 


Additional information 


H8/330 (with 10-MHz system clock): 
tNmis = 110 ns (Min), tNMIH = 10 ns (Min), tuwiw = 200 ns (Min) 
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Interrupt sampling and acceptance 


1. When are interrupts sampled? 




















QA8300-004A 


Classification—H8/300 

Registers 

Read timing 

Write timing 

nterrupts 
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2. Incases where instruction execution may last several hundred states 
or more, as with the block data transfer instruction, when is 
an interrupt accepted? 


Instructions 
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1. Interrupts are sampled on every falling edge of the system clock. 


H8/300 Series Programming 
Manual 





2. Interrupts are accepted at the end of the instruction (but not at 
the end of some CCR control instructions). 
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instructions 
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Question 









1. Is it possible to use both 8-bit and 16-bit general registers at the 
same time? 
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1. Yes. For example: 














[Example] 

ROL MOV.B #H'FF:8,ROH eee AEE 

: MOV .B #H'EO:8,ROL Documentation 

ROL MOV.B ROH,R2H 
MOV.B #H'00:8, R2L | 

MOV.W #H'4000:16,R1 

| MOV.W R1,R3 

MOV.W @H'4000:16, RA 
MOV.W R4,R5 

a , 
MOV.B @H'4000,R6H 

2a sc BOSE _ MOV.B R6H,R6L 


Note that R7 is implicitly used as the stack pointer. 
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Topic Definition of V flag in CCR 
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If 
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Classification—H8/300 
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Read timing 

Write timing 


Question 
Is there a difference in the way the V flag is modified by: 
1. Instructions that operate on byte data, and 


2. Instructions that operate on word data? Beat 


External expansion 
ower-down state 
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| Answer | . Related Manuals 


Manual Title 
The V flag in CCR is modified as follows: 


1. Byte add and subtract instructions set the V flag to 1 if a register 
value changes from H’7F or less to H’80 or greater, or from H'80 or 
- greater to H'7F or less. 


: ; : ‘ Other Technical 
2. Word add and subtract instructions set the V flag to 1 if a register Documentation 


value changes from H'7FFF or less to H'8000 or greater, or from Document Name 
H’8000 or greater to H'7FFF or less. 
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1. What are the register contents after a power-up reset? 










Register contents after power-up reset 


Power-down state 


Instructions 


Development tools 
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1. Register contents are as follows: 


| (1) Registers of on-chip supporting modules 










Initialized. (In some cases the initial values are undetermined. 
See the User's Manual for details.) . 






(2) CPU registers 









The program counter is loaded from the vector table. The I bit in 
CCR is set to 1. Registers RO to R7 and the other CCR bits have 
undetermined contents. | 
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Note: RAM contents are also undetermined. 
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How to Use Microcomputer Technical 
Questions and Answers 


Technical Questions and Answers has been created by arranging technical questions actually asked 
by users of Hitachi microcomputers in a question-and-answer format. It should be read for 
technical reference in conjunction with the User's Manual. 


Technical Questions and Answers can be read before beginning a microcomputer application design 
project to gain a more thorough understanding of the microcomputer, or during the design process 
to check up on difficult points. 


This document gives concrete explanations of points that are not completely covered in the User's 
Manual. Most of the contents is user-inspired. Future editions of this document will contain further 
information, and efforts will also be made to improve the User's Manual. 
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Preface 


The H8/300 CPU is a high-speed central processing unit with an original Hitachi architecture. 
The main features of the H8/300 CPU are listed below. 


¢ General-register architecture 
— Two-way register configuration 
— Sixteen 8-bit general registers, or 
— Eight 16-bit general registers 


¢ High-speed operation 
— Maximum clock rate is 10 MHz (internal system clock) 
— High-speed arithmetic operations 
— 8- or 16-bit register-register add or subtract: 0.2 ps (at 10 MHz) 
— 8 x 8-bit multiply: | 1.4 us (at 10 MHz) 
— 16 + 8-bit divide: 1.4 ps (at 10 MHz) 


-e Concise instruction set 

— 57 Basic instruction types 
— Data transfer instructions 
— Arithmetic instructions 
— Logic operation instructions 
— Shift instructions 
— Bit manipulation instructions 
— Branch instructions 
— System control instructions 
— Biock data transfer/EEPROM write instruction 


BAN 


pay 


« Maximum 64-kbyte address space 


¢ Three operating modes 
— Mode 1: expanded mode, on-chip ROM disabled 
—— Mode 2: expanded mode, on-chip ROM enabled 
—- Mode 3: single-chip mode 


¢ Three power-down modes 
—— Sleep mode 
— Software standby mode 
— Hardware standby mode 


- Eight addressing modes 
— Register direct Rn 
— Register indirect @Rn 
— Register indirect with displacement @(d:16, Rn) 
— Register indirect with post-increment or pre-decrement @Rn+ or @-Rn 
—— Absolute address. | @aa:8 or @aa:16 
_ — Immediate | -#xx:8 or #xx:16 » 
— Program-counter relative @(d:8, PC) 
— Memory indirect | @@aa:8 


HITACHI | i 
Hitachi America,-Ltd. « San Francisco Center * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 * (415) 589-8300 


SECTION 





Section 


5 it 


Section 


10 § 





Hitachi America, Ltd. ¢ San Francisco Center « 





HITACHI | 
2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « (415) 589-8300 














7, CONCLUSION | 
Smart card applications do require a high-level of 
performance and memory requirements on a 
microcontroller. With their high-performance CPU 
core and large memory capacities, the H8/310 and 
H8/3101 devices provide the necessary system 
requirements. With their lower power consumption 
and physical size, these devices also meet the 
necessary physical requirements for smart card 
applications. — 


APPENDIX A: H8/310 PUBLICATIONS | | | 
Further information on the H8/310 can be found in the documentation (available from Hitachi America, Ltd.) 
listed below. i 7s 


Title Hitachi Order Number 
H8/310 Architectural Overview M21T031 | 
H8/300 Programming Manual M21T004 
H8/310 Hardware User’s Manual ADE-602-024 


| 


SECTION 





IBM® and PC® are registered trademarks of IBM Corporation 
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By setting control register bits, EEPMOV can also 


be used to erase and overwrite pages. The control 
registers also provide an EEPMOV disable bit. 


_ Specific EEPROM data may be protected by writing 


into the protect area of the EEPROM. This is done 
by setting the EEPROM protect bit in EPR register, 
and then overwriting the page the user wishes to 
protect. 


Data in the H8/310’s EEPROM is guaranteed fora 
minimum often years. Each page may accept up to 
ten thousand writes. 


4, INPUT/OUTPUT 

The H8/310 has a simple I/O structure, adapted to 
its role as a smartcard IC. There is a single, one-bit 
bidirectional port. The port isaccesséd as the MSB 
of memory location H’FFFE. The data direction 
register for the port is the MSB of the adjacent 
memory location. The H8/3101 has two of these 
one-bit ports, with a memory mapped location for 
each. The high-speed operation of the H8/300 
series CPU core allows the creation of a software 
UART that is capable of asynchronous operations 
up to 9600 baud. 


5. PACKAGING/DIE CHARACTERISTICS 


5.1 H8/310 DIE 
The H8/3 10 is available asa die or as aprefabricated 
button. The die drawing is shown in Figure 3. 


System q- 
Conrol = 





Figure 3: H8/310 Die Diagram 


5.2. H8/310 Chip On Board (COB) Module 
The H8/310 is also available in a button assembly, 
which offers all the electrical components of an 
ISO smart card, assembled and tested by Hitachi. 
Custom contact metallization patterns are also 
available. 


5.3 SMALL OUTLINE PACKAGE (SOP) 

For applications other than smart cards, where a 
standard package might be required, the H8/3101 
is available in a SOP-10 surface mount package. 


6. SUPPORT TOOLS 

6.1 SOFTWARE 

6.1.1 Cross Tools 

Code development for the H8/3 10 is possible using 


our Cross-Assembler ‘for the IBM® PC® and 
compatibles, or using our optimizing, ANSI 


compliant C Compiler. The tools work with the 


Librarian/Linker, so C routines can be easily 
integrated into assembly language applications. 


6.1.2 Simulators/Debuggers 

Our new XRAY simulator and debugger is an 
interactive, windowed environment for source level 
symbolic debugging for both C language and 
assembly code. With XRAY, userscan step through 
code. Concurrent windows can display the full C 
source statements, the compiler output in assembly, 
and the status of any registers in the processor. 
XRAY works with a software simulator, or, using 
the same user interface, with the ASE emulator. 


6.2 HARDWARE 
The Hitachi ASEemulator, afull featured hardware 
development system, is available for the H8/310. 


- The ASE provides real-time emulation, with 


software and hardware breakpoints, as well as 
software trace triggering. The trace buffers can 
monitor both instruction accesses as well as data 
reads and writes to all memory and I/O locations. 
Other ASE functions include performance and 
memory coverage analysis. Parallel mode allows 
the examination of processor registers while code 
is running. 
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_....Exception Vectors 
ROM 
(10K BYTE) 


Self-test ROM 
2K Bytes 


EEPROM 
(8K Bytes) 


<= # TE 


| 
a 


EEPROM 
Protect 


(switched by PBM bit) 





Figure 2: Memory Block Diagram 


3.1 ROM 

The 10K of usable ROM (2K is reserved for 
testing) on the H8/310is linked to the CPU viaa 16- 
bit wide bus. Two bytes of data thus can be 
transferred in the same amount of time as one byte 
takes, without any performance penalties. This 
type of access takes only two CPU clock cycles. 


-3.22 RAM 
Like the masked ROM memory, the 256 bytes of 
RAM are also arranged in 16-bit words. It too can 
be accessed in two CPU clock cycles. This RAM 
memory can also be used for more than just data 
storage as the CPU allows programs to be executed 
from RAM memory. | 


3.3 EEPROM 
The H8/310’s 8K x 8 EEPROM can be used for 


storing data or for program code. Reading the 


EEPROMisthe sameas ROM reads except thatthe 
data is byte wide. 


The EEPROM on the H8/310 is organized as 256 
pages of 32 bytes. Writes into a page of EEPROM 


are accomplished using the EEPMOV instruction. 


EEPMOV uses the contents of three general 


_ registers to setupa32 byte transfer from RAM into 


EEPROM. Theexecution of this instruction makes 
use of an on-chip timer and high voltage generator 
to perform the write operation in approximately 10 
msec. A status bit is available that suggests if any 
power supply fluctuation occurred during the write 
time. This would allow the software to perform 
EEPROM re-writes when voltage drops may cause 
data corruption. 
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@Rn+ Register Indirect 


Register Direct Rn for 16-bit, RnL or RnH for 
8-bit 
Register Indirect Contents of register are used as a 
pointer 
@Rn,disp | Register Indirect Contents of register are used as a 
w/(16-bit displacement) pointer with displacement 


@-Rn w/Post-Increment or Pre-Decrement | pointer with automatic 





#nn:8 Immediate (8-bit or 16-bit data) 
#nn:16 


Absolute Address (8-bit or 16-bit) 












Contents of register are used as a 


adjustment during instruction 
execution 


16-bit addresses cover entire 


memory range; 8-bit addresses 
cover H'FF00 vara glee H'FFFF 


PC relative (8-bit displacement) [Branch instructions = instructions 


@@aa:8 Memory Indirect Addressed memory contents are 
used as a pointer 


Table 1: H8/300 CPU Addressing Modes 


While the architecture is register oriented, many 
addressing modes are supported by the CPU that 
allow the user easy access to both memory and 
register contents, The addressing modes are listed 
in Table 1. 


2.1.2 Operating Modes 

The H8/310 has only two states of operation, 
program execution and reset. To this, the H8/3101 
adds the “sleep” mode and exception handling 
states. The sleep mode of operation reduces the H8/ 
3101’s current requirement to less than 100 
microamperes. Recovery from sleep mode may be 
accomplished by processor reset, or by external 
interrupt (INT1). Both events trigger a transition 
through the exception handling state to the program 
execution state. 


2.1.3 INTERRUPTS 7 

The H8/300 series interrupt features are not used in 
the H8/310. The H8/3101 however, uses an interrupt 
on one of the I/O ports to wake up the processor 
from sleep mode. 


2.2 PERFORMANCE 


The maximum internal clock rate is 5 MHz, obtained 
from a 10 MHz external input. At this clock rate, 
register oriented instructions are remarkably fast. 
Examples of some instruction execution times are 
listed in Table 2. 


8- or 16-bit register add | 0.4 pS — 
2.8 pS 


8 x 8 multiply 
1 16/8 divide 





Table 2: H8/300 Execution Times 


3. MEMORY > 3 

The H8/3 10 provides a variety of memory types to 
support smartcard applications. Shown in Figure 2, 
the memory map consists of a single 64K address 
space containing 10K of ROM, 8K of EEPROM, 
and 256 bytesofRAM. 
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H8/310 


Application Note 


A Microcontroller for Smart Card Application W. Stan Ayers 


Tom Hampton 


1, INTRODUCTION , 

Smart cards are the next generation of transaction 
~ and information exchange vehicles. They promise 
to transform the way we carry data and buy 
services and products in the future. For smart cards 
to fulfill their broad potential, the on board LSIs 
must meet a certain baseline of performance. 


True general purpose smart cards require sufficient 
user storage for complex (perhaps multiple) 
applications. This implies that large program 
storage and user data storage areas are required. 
Also needed is a powerful CPU to support 
encryption algorithms (such as DES, RSA, and 
FEALS8) and still give fast response. 


The H8/300 core processor from Hitachi answers 
the processing power issue very capably. In adapting 
it to smart card use, Hitachi added generous ROM 
and EEPROM areas, and I/O specifically designed 


for smart card use. We will review these special | 


purpose devices, the H8/3 10 and the new H8/3101, 
in this paper. Since the H8/3101 is similar to the 
H8/310, we willrefer only to the H8/310 throughout 
the paper, except where the differences are 
important. | 


2. ARCHITECTURAL OVERVIEW 
2.1 H8/300 SERIES CPU 


The H8/300 series CPU is a generalregister machine 
with sixteen 8-bitregisters (or eight 16-bitregisters), 


which support a speed-oriented instruction set. 


The Program Counter and the Condition Code 
Register are the only other registers that are part of 
the CPU core. Five of the eight bits in the CCR are 


used by the CPU to hold the status of the last 
operation. The general purpose registers and 
Condition Code Register are shown in Figure 1. 
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Figure 1: H8/300 CPU Registers 


2.1.1 Instruction Set 7 
The instruction set comprises fifty-four types, 
including powerful bit manipulation and 
accumulation, multiply and divide, and data 
transfer. Each instruction has optimum addressing 
modes designed to enhance speed or save code 
(arithmetic instructions, for example, are register 
oriented). 
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MPU READ Operation ( Data Sheet Changes ) 


When a Micro processor reads the HD66780 registers or requests the eight bits of 
pripheral data, the associated interface signals are shown in timing diagram below in 
Figure 53. The read operation parameters with their older values (Incorrect) and the 
revised values (Correct) are also listed accordingly : 





Read Operation (Reading Data from HD66780 to MPU) 











tes | syabol Min Max | Unit | Test Cadition 
[Incorrect 


Enable Pulse Width(High level) |PWEH | 220] — [na | Fig.53 


Data Delay Tise |tDDR =6| = | 120 [ns | Fig.53 
Data Hold Tine |tDBR =| 20 | 100 | ns_ | Fig.53 
Correct ne Ge as ee 
Enable Pulse Width(High level) | PWEH | 250 | — [ns | Fig.53 | 
Data Delay Tine 'tDOR. | ~- | 260 | ns | Fig.53 5 
Data Hold Tine . | /couR = =6| 200 | = |ns_ | Fig.53 G 
” 





Read Operation 


Figure 53. Bus Read Operation Sequence (Reading Data from HD66780 to MPU) 
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' Internal Oscillator 


To use the on chip oscillator circuit, connect the resistor " Rf" between the terminals 
"OSCi" and" OSC2". For synchronous slave operation, the internally generated 

- waveform is output on the "CO "terminal. The " Rf" resistor tolerance should be 
+2% ,-2% or better. The resisitor wiring length should be minimized since the oscilla- 
tion frequency is affected by the terminal capacitance. Refer to the Figure shown 

— below: — 
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APPENDIX "B" 


Back light power cable " C3 " is shown in this Appendix : 


EV66841 LVIC EVAL BOARD 
: 6.3" TFT COLOR DISPLAY 





+12V RED 


" C3 i] 


NOTE : Back light power is to be externally supplied. 
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The 9 pin video cable " C1 " translation is shown below : 


EV66841 \ 
- BOARD © 





" Cl " 





Pin 1 a 
Pin 2 Pin | 2 
Pin 3 Pin 3 : 
Pin 4 Pina 
Pin 5 Pin 5 
Pin 6 cue 
Pin 7 Pin 7 
Pin 8 nee 
Pin 9 me 
HITACHI | Seton 
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HITACHI COLOR LCD TFT MODULE (TMI6DO01HC) : 


Refer to the display data sheet for detail. The page 14 of it shows how the sub-pixels are designated for LVIC 
HD66841 interface with 160 dots (H) and 200 dots (V) resolution. The cable " C2 " provides the signals to 
the display while cable " C3 " provides the back light power. The dispaly tilt and swivel angles provide different 
contrast ratios in the ambient light, so it should be adjusted for the most desirable viewing angle. 


SYSTEM DEBUG 


First power up the system in CGA mode using the AMDEK color monitor and the EGA board effectively 
disconnecting the 6.3" TFT LCD display and reconnecting the cable "C1 " to the monitor. After the system 
is up in CGA mode, varify that it works correctly. Then, disconnect the cable "C1 " and connect it to the 
EV66841 board input. Also, varify that the cable " C2 " is properly connected to the display, since there is 
no key in the connector. If cable " C3 " is properly connected, back florescent light should come on and it is 
clearly visible. | 3 


If every thing is working correctly, one can execute all the DOS commands when appropriate prompts are 
displayed on the LCD screen. | 


NOTE : 
If the LCD screen is split and shows unreadable data, then disconnect and reconnect the cable " C2 " to the 
color TFT display when the power is on. This dynamic reset should cause the correct data to be displayed. 


DEMONSTRATION SOFTWARE 


After DOS 3.2 or later is installed, load any CGA graphics package such as PRINTSHOP or file management 
package XTREE for the video color display. With EV66841 evaluation board in the system, the color video 
display will be replaced by the color TFT LCD display. Both, XTREE and PRINTSHOP were used for the 
system display demonstration. By running Kaleidoscope 1, differrent colored dot patterns can be shown on 
the LCD screen. When Kaleidoscope 2 is run, various colored geometric patterns are displayed on the screen. 
For scanned color image files (*.GIF) for display, call Hitachi America Ltd., office at Sierra Point , CA. 
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1.0 SWITCH "0": Itis set for digital input. 


a er 
nae 
| 


2.0 SWITCH "1": This is set for LVIC mode " 13H ". 
4.30 2 1 
na mae 
| =— (cen 


3.0 SWITCH "2" : Set for CGA mode and 200 vertical lines. 


POS S 5 4 3 2 4 


4.0 SWITCH"3" : Dynamic fuctions saettings - 25 MHz and regenerated dot clock. 


SECTION 





POS i 7 S S 4 3 2 1 


NOTE : 1.0 Make sure that cable " C1 " is corectly connected at the display side. There is no cable key. 


2.0 The attached schematic is only for reference so do not copy it for your design. 
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SYSTEM COMPONENTS 


The hardware components are described in this section while the "C1", and " C2" cable wiring diagrams are 
shown in the Appendices. 


PC-AT: AST Premium 286 model 70 was operating at 10 MHZ, with 512KB memory, 20MB hard disk drive, 
and 1.2 MB, 5.25" floppy drive. It was also running DOS version 3.2. 


VIDEO CONTROLLER : Paradise Autoswitch EGA is card used in the CGA mode at (640H x 200V) 
resolution providing TTL level signals to the CRT monitor. The switch settings for 80 column, RGB monitor 
in CGA mode are listed below : | | 


NOTE: 1.0 For more details refer to the Paradise CRT controller manual. 
2.0 Make sure this switch is correctly set. 


EV66841 LVIC EVALUATION BOARD 


This board has numerous switches and its settings are complex. So, please refer to the EV66841 User's Guide 
for details. Only the 6.3" TFT LCD switch settings are addressed in this section. 


The EV66841 board accepts TTL level input signals carried by the 9 pin cable " C1 " from the video controller 
board. The R,G,B, HSYNC, and VSYNC signals are used to regenerate the CRT dot clock, and sample the 
incoming video data. The output signals are sent over the cable "C2" to the 6.3" TFT, 8 colors, Hitachi display. 
This board also provides +12 Volts required by the back light through the cable "C3". The switch settings 
of this board are shown on the following page: 


¢ 


Section | HITACHI . 
174 @ Hitachi America, Ltd. * San Francisco Center * 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 » (415) 589-8300 











EV66841 ZZ ~ seins de 


SYSTEM CONFIGURATION 


The development system was configured with IBM PC-AT or compatible machine, Paradise Autoswitch EGA 
480 card, EV66841 LVIC Evaluation Board, Smartscan Amdek 735 digital color monitor, and Hitachi TFT 
active matrix, 8 color, 6.3", LCD display TM16D01HC from the ELT division. A custom cable is required 
to provide TTL level input video signals to the EV66841 board and is not provided. The LVIC Evaluation: 
board output connector to the 6.3" TFT display is provided to make the display connection task easier. A 
separate +12V DC cable is also required for the back light option (#BLS-006M). The back light is easily 
mounted with the four corner screws of the 6.3" TFT display. 


The system diagram is shown below : 


Fie PARADIS Ve Bed | 


AMD K NO Cit LVI 
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OPTION 





gas" irl 


DISPLAY 





NOTE : 1.0 "C1"="(C3"= Cables not provided. 
2.0 "C2" Cable provided. 
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The EV66841 LVIC Evaluation Board was designed by 
Eurodesc, Hitachi Europe Ltd., and can be ordered through 
Hitachi America Ltd. in U.S.A. The board is shipped with 
cables for multiple Liquid Crystal Modules from Hitachi. 


Black and white as well as color information can be displayed 
depending upon the selected LCD panel from Hitachi's ELT 
Division. The EV66841 LVIC Evaluation Board can reside 
inside IBM PC-AT or a compatible system running later than 
DOS version 2.0. Itis also possible to run the EV66841 Board 
with external power supply. A User's Guide is also provided 
to customize the board for many applications. 


This technical brief is written to complement the EV66841 
User's Guide for one specific application using the 6.3" color 
TFT module (TM16D01HC) from Hitachi's Electron Tube 
Division (ELT). A copy of the schematic is also included to 


March, 1991 


Kash Yajnik 


provide the design implementation detail. A system diagram 


_is also included to high light the laboratory environment. 


Similarly, each user may tailor display subsystem require- 
ments for the desired application. 


The scope of this document is to help make the customization 
task easier and quicker. The circuit minimization tasks are left 
to each user and are not attempted. This is intended as an 
illustrative example for the Hitachi field and technical staff, 
and their customers. 


The following pages cover system configuration and compo- 
nenents, EV66841 Board set up, System debug, and Demon- 
stration software. The Appendix "A" covers 9 pin Videocable 
translation and the Appendix "B" shows the Back light power 
connections. The Appendix "C" lists the schematic. 


Refer to the subsequent pages for more detail. 
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LVIC Proto ‘Type Board 


This document presents information for a 6.3” color active matrix or black and white LCD subsystem implementation using Hitachi 
controller HD66841. Its major components include IBM PC-AT, LVIC Proto Type Board, Paradise or Oak Video Controller Board, 
and the LCD display (TM16D01HC or LMGS060XUFC ) from Hitachi's ELT Division. It can be further enhanced by adding 
demonstration software that runs on the IBM PC-AT or a compatible machine. 


ua REORUSES ; 


| --Hardware— 
(1) IBM PC-AT or compatible machine 
(2) HD66841 LVIC Proto Type Board from Hitachi 
(3) Color LCD Active Matrix or Black and White display from Hitachi with Back Light 
(4) Paradise or Oak Video Controller Board 


--Software-- 

(1) DOS 3.2 Version or ae | 

(2) "XTREE", WINDOWS, or PRINTSHOP package 
(3) Any CGA color or VGA demonstration package 

(4) *.GIF files for color LCD or VGA type panel display 


POWER SUPPLY 
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> OBJECTIVES 


(1) To display HD66841 LVIC Proto Type Board 

(2) To demonstrate 8 colors or 8 shades of grey on LCD panel 

(3) To show application software running on the HD66841 LVIC Proto Type Board 
(4) To high light PC-AT Bus Interface 


MM ADDITIONAL INFORMATION 


The details of the system configuration and its design along with the associated software, are available in the Hitachi 
America Ltd. Technical Brief #TB0103. 
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REMAAKS: 1) 
2) 


3) 
4) 
5) 





AOSG6E68G:;: ANALOG DEVICE, 16 DIP 
ICLOGESCCZQ2: MAXIM, TO-92 Plastic. 
GAL22V16-15: 24 DIP 

OB1S for Analog (VGA), O89 for TIL Itnpute 
Anelog GNO ie a seperated ground plane. 
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This section shows a copy of the schematic supplied by Hitachi Micro System Inc., San Jose, California. It is merely 
included for reference and is not intended to be copied. | | 
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APPENDIX "A" 


1.0 The 9or 15 pin male to male video cable " C1 " is shown below : | 


CRT = -LVIC PROTO 





CONTROLLER | BOARD 


iT Cl " 


2.0 The cables " C2 “ and " C3 " are provided with as a part of the panel inter connect kit. | 


3.0 The LCD panel displays are to be ordered from Hitachi's Electron Tube Division. 
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HITACHI COLOR LCD TFT MODULE 
(TMI6D01HC) : 


Refer to the display data sheet for detail. The page 14 of it 
shows how the sub-pixels are designated for LVIC HD66841 
interface with 160 dots (H) and 200 dots (V) resolution. The 
cable " C2 " provides the signals to the display while cable " 
C3" provides the back light power. The display tilt and swivel 
angles provide different view angles in the ambient light, so 
it should be adjusted for the most desirable viewing angle. 


HITACHI B/W FILM LCD MODULE 
(LMGS060XUFC) : 


The mechanical, electrical, and optical specifications of this 
panel are stated in its data sheet, so , please refer to it. Its 
resolution is 640 dots (W) and 480 dots (H), with 1/240 duty 
cycle. Cold Cathode Flourescent back light is built inside the 
display. 


SYSTEM DEBUG 


First power up the system in CGA mode using a CRT color 
monitor and the Paradise EGA board effectively disconnect- 
ing the 6.3" TFT LCD display and reconnecting the cable "C1 
"to the monitor. After the system is up in CGA mode, verify 
that it works correctly. Then, disconnect the cable "C1 " and 
reconnect it to the LVIC Proto Board 9 pin input. Also, verify 
that the cable " C2 " is properly connected to the display, since 


HITACHI 


HD66841 / LMG5060 


there is no key in the connector. If cable " C3 " is properly 
connected, florescent back light should come on and it is 
clearly visible. Also, verify the "SW1" and" SW2" settings 
on the LVIC Proto Board. The system must come up with " 
C " prompt. 


Similarly, change the "C1" cable to analog 15 pin male cable 
and test the VGA panel LMG5060. The "SW1" and "SW2" 
switch settings change as shown earlier. Create VGA direc- 
tory under the C:\. Then, copy V@AMODE.EXE file from the 
Oak software diskette in it. Run the VGAMODE.EXE file for 
different screen resolutions. However, for LMG5060 panel 
select 640 x 480 resolution. 


If every thing is working correctly, one can execute all the 
DOS commands when appropriate prompts are displayed on 


the LCD screen. 


DEMONSTRATION SOFTWARE 


After DOS 3.2 or later is installed, load any CGA or VGA 
graphics package such.as PRINTSHOP, WINDOWS file 
management package XTREE for the LCD display demon- 
stration. With the LVIC proto Board in the system, the color 
video display will be replaced by the color TFT LCD display. 2 
The black and white display will show shades of grey. By 2 
running Kaleidoscope 1 and 2, under PRINT SHOP, different 9 
dot and line patterns can be shown on either LCD screen. 


To display scanned image files (*.GIF), call Hitachi America 
Ltd., office at Sierra Point , CA. 
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LVIC PROTO BOARD 


The User Manual for this board describes all switches and 
their settings along with the PAL equations for LMGS060XUFC 
and TM16D01HC panels. In this section, only the switches 
are addressed. So, please refer to the LVIC Proto Board User's 
Guide for more details. . 


The CN1 and CN4 connector artwork is on the PCB, but they 

are not to be poppulated or used by the customer. 

If the power cables are short, they may be extended. The 

external power connector and bench power supplies are to be 

used as shown in the system block diagram. The nominal 
power consumption of this board is stated below so that 


R= RESERVED 


SW2 


adequate power can be externally provided: 
+5V@1A,+12V@0.17A, -12V@0.13 A 


The LVIC Proto Board accepts analog level input signals 
carried by the 15 pin male cable " C1 " from theOak VGA 
video controller board insidethe PC-AT. TheR,G,B, HSYNC, 
and VS YNC signals are used to regenerate the CRT dotclock, 
and sample the incoming video data. The output signals are 
sent over the cable " C2 " to the black and white LMGS060 
Hitachi display. This board.also provides 330 Volts RMS 
required by the back light through the cable " C3". The switch 
settings of this board are shown below in Figure 4 : 


SWl 


FIGURE 4 


The LVIC Proto Board also accepts TTL level input signals 
carried by the 9 pin cable " C1 " from the Paradise video 
controller board. The R,G,B, HSYNC, and VSYNC signals 
are used to regenerate the CRT dot clock, and sample the 
incoming video data. The output signals are sent over the 


87 65 43 21 [rs] 8 7 6 5 4 3 2 1 


RESERVED 


cable " C2 " to the 6.3" TFT, 8 colors, Hitachi display 
TMI16DO01HC. This board also provides +12 Volts required 
by the back light through the cable "C3". The switch settings 
of this board are shown under in Figure 5 : 


SW2 | SWl 


_ NOTE: The attached schematic is only for reference, so do not copy it for your design. 


FIGURE 5 
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SYSTEM COMPONENTS 


The hardware components are described in this section while 
the "C1", and" C2 " cable details are shown in the Appendix 


HD66841 / LMG5060 


MHZ, with 512KB memory; 20MB hard disk drive, and 1.2 
MB, 5.25 " floppy drive. It was alsorunning DOS version 3.2. 


" A", " 
VIDEO CONTROLLERS : For OAK VGA cottroller 


board refer to its User's manual. The settings for the the six 
jumpers on the board are shown below in Figure 2 : 


-PC-AT : AST Premium 286 model 70 was operating at 10 


JUMPERS 
wJ & J 3 —wJ 2 , wh 4 JI 7 vw § 
ON OFF ON OFF OFF OFF zZ 
o 
FIGURE 2 





CRT monitor. The switch settings for 80 column, RGB 
monitor in CGA mode are listed below in Figure 3 : 


Paradise Autoswitch EGA is card used in the CGA mode at 
(640H x 200V) resolution providing TTL level signals to the 





NOTE: 
1.0 For more details refer to the Paradise CRT controller manual. 
2.0 Make sure this switch is comecty set. 


FIGURE 3 
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SYSTEM CONFIGURATION 


The development system was configured with IBM PC-AT or 
compatible machine, OAK VGA or Paradise Autoswitch 


EGA 480 card, LVIC Proto Board, and Hitachi B/W LCD 


panel LMG5060 or TFT active matrix, 8 color, 6.3", LCD 
display TM16D01HC from the ELT division. The cables 
required to provide TTL or analog level input video signals to 
the LVIC Proto board are not provided. The LVIC Proto board 
output connectors to the 6.3" TFT or Black and white display 


OAK "VGA" 
CRT 


CONTROLLER 


CTE. 
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are provided to make the display connection task easier. A 
separate AC high voltage cable is also required for the back 


_ light of each type of display. The back light is easily mounted 


with the four corner screws of the 6.3" TFT display. The LMG 
$060 display has built in back light. 


The system diagram for the LMGS060 cP panel is shown 
below : 


POWER SUPPLY 


LViCc PROTO 


BOARD 


ANALOG SIGNALS 


ee Cc a | os 


BACK LIGHT 


NOTE: "C2"="(C3" Cables are provided. 










B/W FILM DISPLAY | 


LMGS5U60XUFC 


FIGURE 1 


The uiagram shown above in Figure 1 is to be modified for a 


TFT color display. The OAK VGA controller is replaced by _ 


analog level input and CMOS level output cables for the 


__LVIC proto board will be likewise changed to drive the color 


the Paradise Autoswitch EGA 480 Board and the LCD panel module. 
LMG5060 is replaced by the Color panel TM16D01HC. The 
Section eo | HITACHI 


158 @ 


Hitachi America, Ltd. * San Francisco Center « 


2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 


(415) 589-8300 








| | | _ January, 1992 


HD66841 / LMG5060 


Technical Brief 


LVIC Proto Board 


The HD66841 LVIC Proto Board was designed by Hitachi 
Micro Systems Inc., San Jose, and can be ordered through 
Hitachi America Ltd., in U.S.A. The board is shipped with 
cables kit for multiple Liquid Crystal Modules from Hitachi. 


Black and white as well as color information can be displayed 
depending upon the selected LCD panel from Hitachi's ELT 
Division. This board is designed to display a black and white 
image with eight shades of grey using LCD panel 
LMGS060XUFC having VGA (640Hx480V) resolution. It 
can also display an eight colors CGA (640Hx240V) image 
when used with color TFT LCD display panel TM16D01HC. 


- The LVIC Proto Board resides outside the IBM PC-AT or a 


compatible system running later than DOS version 2.0. It 
requires external power supply. The back light power is also 
provided by this board. 


A special prototype space is reserved on this board for 
customer circuit design and development in the critical areas 
of LVIC HD66841 based implementation. | 


LVIC Proto Board User Manual is also provided to customize 


this board for many applications. 


Kash Yajnik 


This technical brief is written to complement the LVIC Proto 
Board User Manual for one specific application using the 6.3" 
color TFT module (TM16D01HC) or VGA module 
(LMGS060XUFC) from Hitachi's Electron Tube Division 
(ELT). A copy of the schematic is also included to provide 
the design implementation detail. A system diagram is also 
included to high light the laboratory environment. Similarly, 


_ each user may tailor display subsystem requirements for the 


desired application. 


The scope of this document is to help make the customization 


task easier and quicker. The circuit minimization tasks are left 
to each user and are not attempted. This is intended as an 
illustrative example for the Hitachi field and technical staff, 
and their customers. 


The following pages cover system configuration and compo- 
nents, the LVIC Proto Board set up, system debug, and 
demonstration software. The Appendix "A" covers analog / 
digital cable connection and the Appendix "B" shows lists the 
schematic. 


Refer to the subsequent pages for more detail. 
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APPENDIX "C" 


16 character x 2 lines . 
Controller LSI] HD44780 is built-in (See page 97). 

+5V single power supply . 

COlol (ONG 6 86 a ord a SSS Sd eae Gis New gray 


MECHANICAL DATA (Nominal dimensions) 


Module size ............ 84W x 44H x 12T (max.) mm 
Effective display area ............ 61W x 168. BH mm 
Character size (5 x 7 dots) ........ 2.96W x 486H mm 
Character pitch... ee eee 3.55 mm 
OG S120: ot inecee areata Deano 0.56W x 0.66H mm 
WOGNE ok oe eee ewe ew eae TL es about 35 g 
ABSOLUTE MAXIMUM RATINGS min. max. 
Power supply for logic (Van —Ves}.... .... 0 6.5 V 


' Power supply for LCD drive 





INTERNAL PIN CONNECTION 


Pin No. | Symbot Leved Function 
ae a 

Tvoo [= |v) Power suey 
a 


L: Instruction code input 
H: Data inoue 


H/L H: Date reed (LCD module--MPU) — 
L: Oats write (LCD module MPU | 


1 6 | €  |H, HL | Enable signal 


(Von—Vo) ... 0 eee Aue aa eae 0 6.8 V 
Input voltage (Vi)... we ee Ves Voo V 
Operating temeprature (Ta) ............ 0 50°C 


ELECTRICAL CHARACTERISTICS 
Ta* 25°C, Von = 5.0 V £0.25 V 


Input “high” voltage (Vi,,).........2000. 2.2 V min. 
input “low” voitage (Vi_) .........0005. 0.6 Vmax. 
Output high"voitage (Voy) (—loyy 2 0.2mA).. 2.4.V min. 
Output low'voitage (Vor) (Io 71.2 MA)... . 0.4 Vmax. 
Power supply current (log) (Von 25.0 V) .. 1.0 mA typ. 
3.0 mA max. 
Power supply for LCD drive eo geemen (Von —Vo) 
Duty = 1/16 
Range Of Von — Vo... cece cece 1.5~ 5.25 V 
Ta OCS yg ire wasere 4.6 V typ 
VO OS Coes ie wk Soin 4.4V typ 
VG OO Cog aig oe weer write 4.2 V typ 


in the HO44780, the data:can be sent in either 4bit 2coperation oF 

Bit t-cperation so thet it can interface to both 4 and & bit MPU’s. 

(1) When intertece deta is 4 bits long, data is transferred using onty 4 
buses of O8,~08, and 08, ~OB8, are not used. Oats transter 
between the 1044780 and the MPU compietes when 4-bit data is 
transterred twice. Date ‘of the higher order 4 bits (contents of 
0B, ~O8, when intertece data is 8 bits long) is transterred first 
and then lower order 4 bits (contents of OB, ~0B8, when intertece 

data is 8 bits tone). 

(2) When intertece dew is 8 bits long, dats is transferred using 6 data 
buses of O8, ~08,. 


7 [080 | HA 
Par eerie 
—e_ | oar | wn , 
10 |} O83 | HL | tA 
| oes | We) Now (1), 2) 
[12 | 088 | WA 
[73 | 08s | 4A 
Tie 087 | WA _| 
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APPENDIX "A" 


The H8/325 Evaluation Board Kit (US328EVBO01H) includes 
the following items: 


H8 / 325 Evaluation Board 

Power cable for the board 

Board Stand Offs (Q=4) 

Five HMSI Demonstration Programs Diskette for PC-AT 
Software Agreement Copy 

Hardware Manual ( M21T133 ) from HMSI 

Software User Manual ( HSM325EMSII1SE) from HMSI 


oooo o00coc90 


The board factory jumpers, switch settings, and other details 
_ are shown in the hardware manual. They may be changed for 


this application. The associated BEDS are listed below for 


clarity: 


1.0. The 20 MHz crystal is to be replaced by 16 MHz crystal. 

2.0 The" SW1 " is set for ROM position. 

3.0 Jumper " J5 " is set for 32KB ROM space. 

4.0 Jumper " J6 " for RAM space is not installed. 

5.0 Jumpers " J3 " and " J4" for mode selection are set for 
mode " 2 "i.e. " J3'" is installed while the jumper ' J4 " 
is removed. 


These are shown below in the Figure 2 : 





ROM RAM 
O | 64k 64K 
32K ~ 32K 
Js J6 
SWw1 
RAM 
ROM 
FIGURE 2 
fas HITACHI 
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SUB SYSTEM COMPONENTS 


The LCD display subsystem components such as H8 / 325 
Evaluation Board, LM016XML display, LCD Interconnect 
-- Board, Hitachi Laptop Computer, External Power Supply and 
the related software are described in this section. 


H8 / 325 Evaluation Board : This board was designed 
by Hitachi Micro Systems, San Jose, CA. It is provided as a 
demonstration and development tool. On-board EPROM 

contains the Hitachi Monitor firmware used for single line 
_assembly, disassembly, line editing, and debug purposes. Of 
the two serial ports, only the Terminal port is used to down 
load, up load, and run the programs. The I/O extention 
connectors "J1" and "J2" are used to connect to the LCD 
Interconnect Board. The partially decoded, extented I/O space 
is further decoded on the LCD Interface Board. This board is 
designed to run at 10 MHz and uses a 20 MHz crystal for that 
purpose. However, in this application a 16 MHz crystal is used 
to provide 1 MHz "E" clock to the LCD Controller HD44780 
located on the LCD panel. All the jumpers on this board are 
-notsetto the factory default states. Refer, to the Appendix "A" 
for the H8 /325 Evaluation Board details including the switch 
and j jumper settings. 


LCD Panel Display (LM016XML) : This display is 
provided by the Hitachi's ELT Division. It is capable of 
displaying 2 lines of eight 5x7 alpha numeric characters. It is 
40 dots wide and 16 dots high. It has 1/16 duty cycle. The 
parallel datais clockedin at 1 MHz"E" clockrate. Itrunsfrom 
+5V power supply. The customer has to solder 14 pins on 
_ LMO16XML panel for the appropriate connector used on the 
LCD Interconnect Board. The LM0O16XML LCD panel 
mounting and the proper viewing angles are critical to a strain 
free LCD display. Please, handle the panels according to the 
care recommended by the LCD display manufacturer. The 
logic signals sent to the LCD panel are at CMOS levels. Refer 
to the Appendix " C " for more information on the panel. 


LCD Interconnect Board: A wire wrap board was built 


to send parallel data, control signals, and power to the LCD 
panel over the "L1" cable. The I/O extention cables "J1" and 
"J2" were connected to the H8 / 325 Evaluation Board. The 
LMO16XML LCD panel contrast adjust potentiometer was 
also put on this board. The data bus buffer and gating logic 
were also located on this board. The power on reset pulse was 
provided by the H8 / 325 Evaluation Board. Refer to the 
Appendix " B " for its schematic. 


HITACHI 
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Hitachi Laptop Personal Computer "HL320": It _ 


is connected to the serial terminal port of the H8/ 325 


Evaluation Board. The connector RJ-12 is attached to the 


Terminal port while a male to female 25 pin adapter cable is 
required at the Laptop PC end. The Hitachi " HL320" PC 
provides the software development tools for the user pro- 
grams. The demonstration program up load and down load 
capability is also provided by the laptop PC. The communi- 
cation link is full duplex, 9600 baud, 8 bits, 1 stop bit, and no 
parity check. 


Power Supply : Open frame switcher power supply from 
Kepco, Model # ECM-021K-CB is used to power up the H8 
/ 325 Evaluation Board. Its rating is +SV @ 2A, +12V @ 
0.3A, and -12V @ 0.2A. The Interconnect Board as well as 
the LCD display are also powered by it. 


Software : The laptop PC resident software development 


tools, packages, and utilities are described very briefly: 


H8 / 325 Cross Assembler : It is designed for DOS 
environment inside the laptop Personal Computer. 

When the user program is submitted as the source file, it 
assembles the code. Consequently, it produces Object and 
List files of the source program. 


H8 / 325 Linker ; To link various object code segments (" 
* OBJ” extention) developed in parallel fora larger program. 
The linked file has" *.ABS " extention. Motorola" S "record 
conversion utility is also included with the linker, and is used 
as output file with " S " record format. 


SECTION 


Upload : To up Load" S" Record file, push" EDITSHIFT 


". Key down. Depress the " PG UP "key when using 
"PROCOMM " package for communications. Also, select 
ASCII format. 


Demonstration File : Motorola " S " record file " 


INIT780C.ABS " is uploaded to the H8 / 325 Evaluation’ 


Board. The uploaded file i.e. " INIT780C.ABS " is run for 
display demonstration. 


Screen Editor: Any word processing package is acceptable. 


In this application, Microsoft "WORD" package is used. The 


source programs are created and edited with this package. 
The source program files have " *.SRC " extensions. 


Section 
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SUB SYSTEM CONFIGURATION 


The display subsystem was configured with H8/325 Evalua- power pins are a part of the 14 pin panel cable, so a separate 
tion Board, LCD display Interconnect Board, and LM01SXML power cable is not required. 

panel from the ELT division. The required cable lengths are _ The subsystem block diagram for the Interconnect Board i is 
shown in the schematic for CMOS signal levels. The LCD —_— shown below in Figure 1 : 


H8/325 EVALUATION BOARD / LMO16XML 












HITACHI 
LAPTOP 


OMe tes INTERCONNECT BOARD 


H8/326 


LCD PANEL 
LMOIT6XML 


BLOCK DIAGRAM 


NOTE : The required cables cables may be built or 
purchased by the user, from other vendors. 


FIGURE 1 
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H8/325 Evaluation Board & LCD Display 


The H8/325 Evaluation Board(US328EVB01H) was designed 
by Hitachi Micro Systems Inc., San Jose, and can be ordered 
through Hitachi America Ltd., in U.S.A. The board is shipped 
with power cable header, stand off hardware, demonstration 
programs, and associated manuals. 


Black and white character information can be displayed 
depending upon the selected LCD panel from Hitachi's ELT 
Division. Among the many products offered by the Hitachi's 
ELT Division, for this application, LCD panel LM016XML 
was selected. 


An Inter Connect Board is required to enable the H8/325 
Evaluation Board to talk to the LCD display LMO16XML. 
The character data is sent to the LCD panel for processing as 
well as display. The HD44780 LCD Controller Driver from 
Hitachi, SICD, located on the LMO16XML panel, processes 
the data sent by the H8/325 Evaluation Board for display. 


The H8/325 Evaluation Board resides on a bench connected 
to the LCD interface board. The other end of the interface 


board is connected to the panel. It requires external power — 


supply. After power on, a demonstration program is down 
loaded and run, to display a character message. 
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Kash Yajnik 


This technical brief is written to complement the H8/325 
Evaluation Board Manuals for one specific application i.e. 
interfacing to aperipheral. In thiscase, LCD panel LM016XML 
from Hitachi's Electron Tube Division (ELT). 


A copy of the schematic is included to provide the design 
implementation detail. A system diagram is also included to 
high light the laboratory environment. Similarly, each user 
may tailor other subsystem requirements for the desired 
application. 


The scope of this document is to help make the customizing 


task easier and quicker. The circuit minimization tasks are left . 


to each user and are not attempted. This is intended as an 
illustrative example for the Hitachi field and technical staff, 
and their customers. 


The following pages cover sub system configuration and 
components, H8/325 Evaluation Board set up, System Debug, 
and Demonstration Software. The Appendix " A " covers H8/ _ 
325 Evaluation Board details, and the Appendix " B " shows © 
the Interconnect Board schematic. Also, pppendy, "C" lists 
the LCD Panel data sheet. 


Refer to the subsequent pages for more detail. 
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For more details, refer to the lines for addresses 60H and 70H in the code sample is shown 


below: 


AODRESS 


00000000 
00000010 
00000020 
00000030 
00000040 
00000050 
00000060 
00000070 
90000080 
00000090 
O00000A0 


~ 90000080 


ooo000co 
oooc00D0 
~ QO0000E0O 
O0G0000FO0 


HARADAR 
RAARRAR 


| HEXADECIMAL 


— 


0_1.2.3_4_5 6 7.8 8 AB C0 EF 


02 OE OC 07 01 OB 02 07 04 00 OB 05 02 03 OB 00 
00 00 00 00 00 00 00 00 00 00 00 00 00.00 00 00 
03 OE OC 07 01 OB 02 07 04 00 OB 05 02 03 OB 00 
00 00 00 00 900 00 00 00 00 00 00 00 00 00 00 00 
03 06 OD OF 05 0B 02,07 04 00 04 05 02 00 09 00 


00 00 00 0 
03 06 0D 
07 
PF 


Lo) 
© 
o 
© 
a 


alo 
oo 
a 
© 
S 
fo) 
© 


0 
0 


FF 
FF 
FF 
FF 
PF 
FPF 
FE 
er 


TRUNMMUN DO 
WATANWAHONS 
Waaiand 


00 0 
05 0 
06 0 
FF OF 
FF F 
FF F 
FF F 
FF FF 
FF FF 
FF OF 
FFF 


TaWaaaaae 


Tt Te 
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Palette Registers: Access 


The palette registers inside the HD66841 (P1-P8) are provided for different shades of 13 level grey 
scale. The palette registers are not to be used for color LCD display. To use these palette registers, 
the following procedure is suggested along with sample code for it: 


1.0 Connect HD66841 address A4 (Pin 100) to the EPROM / ROM address A4. 


2.0 After poweron, the HD66841 will continuously cycle the addresses AO - A4. The contents 
of the EPROM / ROM where the programming information is stored will be continuously © 
read by the HD66841. However, the EPROM / ROM contents will only be loaded, when the 
power on reset pulse is applied. 


3.0 Therefore, if the LCD display register settings are to be changed dynamically, a power on 
reset pulse is required to reload the new EPROM / ROM data in the LVIC II. 


SECTION 


4.0 The details of the palette register select (PS) bit i.e. Register RO bit 2 for the ROM 
Programming method are shown in the dic zram below: 





Data bit No. 


0123 
(ROM soooo} | FO} | — Ro 


\ addresses 
~ Ad- 


Internal 
data 
registers 


Palette 
registers 
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| CHARACTER ADDRESS MAP FOR 32 (5X10) CODES 


UPPER NIBBLE (4 BITS ) 
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2.0 Sixteen EPROM addresses for one 5x10 character. Therefore, for 32 character codes: 
EPROM addresses used = 16 x 32 = 512. Character font or matrix for letter"y" is shown by the 
EPROM dot pattern listed below: 


EPROM ADDRESS ae EPROM OUTPUT : 
DD RAM DATA CG RAM 
CHARACTER CODES ADDRESS _ 


AZ Ai AO] + + 0408 O02 01 OO 
010 10 010 olo |o 


itt tt teh Pee ttt ot Pe Soe eo ey (rm eres TSAR Re) ee rer Serre errr Corres Crrrr errs) Orie Orr iri Perret rrrrr TiTiTiTrTirry Tritt TT Try 






A10 A9 AB A? AG AS A4 AS 













PII Co te Choo tt Cott oon Otis Pore Oot Cert Pore St Poetry Pe) eye Pe Se) eS tres rrr Perr Perr Serre err errs rrrrrrry ys errr irrrys Prrerrrriirr) tr reir iit? 


Occ eee CCPC) OPE Ce) Poe eee Coed Cee eee CO Cee eeee Cee CORSE OOo CeCe Cee COSESSORS CEES COUCEEES COSERCCESOSE CCUCSCESC See (CEC CEeeeees (CCC EECOSCESS CEOCCCESOOES COCECESECESS CLUCCCOCCCELS SECETOCSELOS SOTeTeCerere (eee eres 


ithe eee fee oe Cott Ce ol PEP ot oo co, oes Pa Seay ee Oe Oe ee Peres re rrr Cery Cor) re See Sree ferries rier rire! 


CIP PO oe Se Oo re) oe Oy oe Ce Oo re ey ere Oe Sees ey Cry Serr rrr rrr ree Crees errr) cert irri) Sitiri rrr) 


otto theo ooo Poet oto) oe? Oe Pes Pee ee ee Oe ey errs oe ers cree erry Pere evr) Serer Perret rr rit tir erties perry Creer Irie (rir try 


SECTION 





CORP EREEEO CREPE C EES Oy Cee Coe Aes oP eee) Cees Cee ess Cees COE Ee SES CEES PESOS SOC! COP eeeee (Oe EP OREOES COORC EET OEESS COCECECEES OE COCECELOCTOR RESEECCOEEEE SECCOCEEEIES (CO OCCECCCSSES COPECO eECCCeS CCE LECSCeEIE! COOCeSeeeeer) SE Se er rere re: 


CPP Se oo So Corre Oe ee ees Oo eed Cer re eee ee eee Ores eres Pern Serre Peter rr ers eres errr Cir terre yy 


bb detetakcttateahetel laledabdabcdttale] ketal bkeltletete deed tlateebatehde’ dedihd oledaltetelel wtelehe dalekttbtl doh ikdetbted thteks dttletl Liked hebikedd Lid Pot Coe Seer rr ery br eee pny ee epee) Se eee a oe eo Pees ry Co 


i ¢ 
NOTE : 1.00 0 "+e" = Unused and unprogrammed EPROM outputs. 
2.0 "*" = Cursor 'OFF" code line 11. Fill with "0". 
3.0 "1" = LCD display dot "ON". | 
| | { 
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HD44780_ - ROM MASK CHANGE FOR CHARACTER GENERATION 
CHARACTER ADDRESS MAP FOR 160 (5X7) CODES 


UPPER NIBBLE (4 BITS ) 


eH 3H 4H 5H 6H 7H AH BH CH DH NOT 


lo Aaa eenewe Gees es saesednnseeeense sen esncassh esses esscahsssesececsaheasesesessh esse cases esses sesns ess dec aens seer deren sasess dusaeeseess Mm sesaeen sce eneeesen ssh eseneawessh nesses seebasnces assed areeessseshonsescsscadenessscces 





PIT Co Tr Por Pre) or Press Ceres Corres errs Cerys re Perr Serer errr irr Perri ii Ore irirriry Prt irr) Perr reir ity (rer r rity) 


oe ey re Ser Pr Perr Pee) pers Cerro ererereres (oreerrrrry orrererr errr Srrrerrerr Pere rerter Creer ererss Seer ere eres Pierre re ys Pree eee errs TTT ere Trey 


Se. ee rere Perr Sere Serres Peery eerrrerrrrs (Serres eerrrerrrs Citerrrrre Sretrerirr Sirrrirer es Serrrerirs Sritrerrer Sretreriers Peeerrreres Peete erred Pree reer yey TT TT eT ier 


eee Cee ee CPPS Crees COP e eee reee erro eeere OPES OCeeyS OUSEEOSOOS CCECC CEES) COCeCeeeee) ESUCECCeey COeCeee ears COCCCECCOSS COVEreSSOSS CSCCCTSSTIS (OCCLSCLOSS (SOCRETESSS SECCLeLeee SPererreens Cferrerers 


Pe) Doe) os Ce ys Cr Crs erry errr Serres Serre Serer) Cererrr iy Creer river (verereriry (Perirriiry Titirrrity Sirerirriy trrTrirryy) Pirie rr ery! 


De ee ee ee eee ee ee ee a ee ere Sere Pe er prs or ey errs Cry ea ery vorrei srerirrrirr) Perri rt irr 


OO) Oe Oe Os Cres ree ee rrr rn Peer Cee eee erry ers Orr rere Serr errr eerie 


ORC eeere SOO Oeeee (CORR EEOESE COPS eeeee SOCCCEC ee COSC eres! STeeCeTerey CeCe eer ee ee PeCeECCeSeS OPECECOSES PUCESELOLS CSCC COCEOS SOCCECCCES STECCCCLOE SUPeter err Serer ree ess Core aeerres Peers Peer eeereere (Cece eer ery 


ore Certo Pee Peer Peo pop Perr) ees rs erry rr ee ee Perr er) er rr rrr eres) 


Srrerrerrr Sererrrrre errerrrry were Serer rererriie errtrt ire errrrerrers pierre er rere Teeerreers SST iee reer STerreer re Srereeriee Sr errer ies Serer rere y Peer r irr ry Creer reer ts Peri tress Pree reer res reer err Ty 


OCC OESS CEUCECEEOES CEPECOCCErS COEEUSOLESS COCECCOOEIS CEES OCOSES COSECCESOSS SCCECCSOOS SCCEC CLES CUCECOCSCS CCSCECOLE SS COTUCTOSOSS COSCCOOCCOSS PECTSCESICS COCTCOCUSOTS OP ECIOSESS (OCU SET Sere SELeTeeeee CLEP erer es SET Teereeey 


Pry) Peers Cs Cerrar Corry erry rv srrirerrir Corres) Perrier) Serre) Creer irs rier rirs (Perry (rire: Ciriririiy fiveritiry Gfiriririy fiiiririrr rritriyryi ty) 


PIT roo i) Poort) oo rs oe ee ee er ee ees Poy rs Crs Cy rrr err ee ee ore 


PPro PoP) Sr ee Cr ee ee eee Sere eee ey errr perry (rrr Cerri errr ori erererirrs) frit errr ry 
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1.0 Eight EPROM addresses for one 5x7 character. Therefore, for 160 character codes: 
EPROM addresses used = 8 x 160 = 1440. Character font or matrix for "P" is shown by the 
EPROM dot pattern listed below: 


| ae 
CHARACTER CODES ADDRESS 
O;1;oO0;1 |0/;]90 0; 0;0 |O0 |0 | Lt | 1 1; 1);0 


Prerrrererrr terrrirrrire Sirti! Perrier Petree ore Serr rrr errr err Seer ee Cer) Po Se os es Cr) rs ero 





Pryreetreriy SITirir trie yy Cir rered ore eri iress Cry irri Sirs cereriry tity errr ivy Ciriiiy rey Serrrrry evivivirrirr ovrirreriryr Siri or ore es ee Ces Cr) er 


Ory Pre oerrr ) ee e e Oe e Ore ee  P ) 


Prrrrrrr rrr errr er fro oo ee ore Oe ey ore es ees Oe ee Oe Oo ees Ce eee ees ee eee Pe Pe es re) Pee 


HO ORAS EEO OR ESS RO SER ERGO OER ORD EEO s Meee sneeedecedecscess ch ened sncsn nade cosh orceses deed de cccsesssoes Gneaensesh ees sasacesasbasecsne secede seensss sees anessecessehe as Sheaves eeh FOPOSEOSdEs Ee MEEEDEAE SED ECE HEEODOORED FO SODSOORERSOEESEUUSSOB OSM OOREEEDODOD 


Peer rere crrerrrrerir Sis tier So ey oe Se Ce es ee re ee ee ers Ores Pere Pr es Ce) Co Pe 


POTTS PITT Ty TITTTTTTeT ee ee Siete Chee eee) cree eerie red Peete ered Petree eee erry ore ee Gere ee Serre es eee) Ce ee es Oe Ce) ee 
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POUPEESESESE: SUETEOSTEL TS EP Eee TEES Ce COTES LE SEEEEEE Eek ARETE Teh CETTE, oh LETTE Ct KEETEETS CE SERRE: SAREE TOOEEEE SECURE SSSOOS COOCCSO SS ESS CESS eeeS) Cee e eee eee reece Ss Ce) Peers, Soo 


lp DOR wannecced conesacnenecbacerecencscdberscresceerdevaccecasesegeasvessescc chore cncescsenh sccnvencsscdh asec eeee aed ssanecarsessenssteneensag cones seenanssboscs neues secdseneaevons sed ncenceass sant ee ssseceesash cornssereaseh esas as enon dssseceunaaeedsvessaseenss 


EP OPSTErs PEETETTSSETS) COTSETTETSTS SPT TeTTeeee SEPereererrs (Peer ereeers Teerereerns Cererrrreren Serrerrrrre. Mereererrers Merrrrrrrness SPerrrareerss Svererrerres STCrereryers (OT TCCCererrs COCeererreres CCCTCTeerere) SECCRLECCeEy (CEEeCeeerars (Ot ee eerie) 
POYTYITITTIy TITTY iy LILI tey (Pirie r rrr ry) Pree ere iit Sri rre Terre riiiiis Serr ee rire Cire irre) Sete eri Si iiririre Cire (resins cry yey Serre aes Ce Ce Po 
PPPTTTTTTI TTT CLTTTTTT TTT CITTTI LETTE CELTTE CLE SITET ey ITT Te eee LTT See? ieee Cee ee Seer rrr Serr r irri? ry Ber Peres Se ee oe 
OURS TERELENT CLETTETEETES PORESESESEEE SYEETORSEOES CUCTECTOSOOS COCURCOSOSETS COCOCOCECEOSS SECEPCEE See SOCECCCereee (COSC erererces (SECC TORT OCr) CCCCEEOCESSE SECCCCLOCEEE CUCL OOCEREES COCSCE LOSES CCES EES e Eos) COSTS eee) COPE eoe Ce eee es Cee) 
PTYTT TTT ITTY TITTTT TTI L TY COLTS L Tir y Perri rir Pieri Serre er irers SISTE irre (Cre rerr rire Cerri rire Cre iit Siri rrr errr (Oeil Cee SVS Dis (ers Cr) ee 


Perret reir ir Crs cr res Cs er eee ee es Oe ee ee es Ce) oa Ce Ce Pd 


NOTE: 1.0 "++" = Unused and unprogrammed EPROM outputs. 
2.0 "*" = Cursor 'OFF" code line 8. Fill with "0". 
3.0 "i" = LCD display dot "ON". 
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HD44780 - ROM MASK CHANGE FOR CHARACTER GENERATION 


HD44780 and HD 44780A have internal character generator ROM equivalent to Hitachi part # 
HD44780A00. This character set has English as well as other symbols and is shown in the data sheet. It 
can display 160 characters which are formed on 5X7 dot matrix with eighth row assigned for the cursor. 
Additionally, 32 different character patterns are possible with 5x10 character boxes at pre-assigned 
character addresses with eleventh row for the cursor display. In all, 160 plus 32 i.e. 192 different 
character codes can reside in the internal ROM. 

When a customer wishes to display special characters, the HD44780 / HD44780A masked ROM inside 
the part has to be changed. The data sheet pages150 through 155 describe Hitachi 's procedure for 
modifying character patterns. The character patterns are provided to Hitachi inside a 2Kx8 or larger 
EPROM. After pattern varification by Hitachi and the customer, trial sample parts are given to the 
customer for display and evaluation. Subsequently, the custom part with CG ROM change is made for 
volume production. NRE charge may be normally required for this change. A customer develops Char- 
acter patterns using DATA I/O or other programming tools. If the EPROM is bigger than 2Kx8, only 
the first 2Kx8 partition is to be used. The unused locations may be programmed as 0. 

The page 2 shows, character code for "P" on a 5x7 character box. EPROM outputs O5, O6, and O7 are 


unused and can be treated as don't cares. The DD RAM data provides the 8 bit character codes while the 


CG RAM address supplies (lower 3 address) bits for the line positions inside the character box. A logic — 
"1" corresponds to LCD display dot "ON" condition. Since, the unused bits in an EPROM are logic 
high, they may turn the undesired display dots "ON". Therefore, when in doubt turn the unused charac- 
ter dots "OFF" i.e. program logic "0". 

The page 3 shows the pre-assigned character address map for the 160 (5x7) character codes. 

Similarly, page 4 shows the example of 5x10 character box for the character "y". Note that the eleventh 
line is programmed "0" for the cursor. EPROM outputs - the 12 th row address and beyond are pro- 
grammed "0". Also, note that for 9th, 10th, and 11th row address, the A9, and A8 bits are programmed 
"0". 

The page 5 shows the character address map for the 32 (5x10) characters. No more than 32 characters 
can be accommodated. The 32 characters will require the number of EPROM addresses shown below: 
With 16 addresses per character, the 32 characters will require 16x32 = 512 EPROM addresses. There- 


fore, an EPROM with 1440 + 512 = 1952 i.e. 2K bytes will be enough to contain the desired number of 
_ character patterns for this part. 


Since, the character address space inside the HD44780/HD44780A is sirevaseiened only the character dot 
patterns can be changed. The character address space is not changeable. If a customer desires the flexi- 
bility of using an external EPROM for chareacter generation, please, recommend that HD66840 or other 
LCD controller or LCD module using HD66840 may be considered in the design. The Hitachi ELT 
Division, Schaumburg, Illinois, will be happy to provide RFQ for custom LCD modules. | 

The details discussed:. > are expanded on the following pages. 
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a January, 1990 
HD44780 LCD CONTROLLER 


~ ROM Mask Change 
Character Generation 


This technical brief covers custom character generation using 
LCD Controller HD44780, The data sheet specifies a stan- 
dard character set using the C.G. ROM built inside the 
HD44780. Refer to the data sheet or the LCD Controller 
Manual #U74 formore information on the standard character 
set. 

For character sets that require other special characters suchas 
Arabic, Hebrew, Katakana, or Kanji, to name a few, a mask 
change is required for the internal CG ROM. This informa- 
tionis provided to augment the character development proce- 
dure inside the HD44780 data sheet. The following pages 


' describe this in greater detail. 


HITACHI | 
2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « 
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Kash Yajnik 


Itis suggested that the customer build a targetsubsystem using 
the HD44780 and the desired LCD display panel. The internal 
C.G. can then be used to display and develop a working 
character pattern tester. The custom HD44780 prototype 
parts can be tested on this tester to check out the special 
character set. 


Normally, EPROM resident character patterns are used to 
transfer the information between Hitachi and the customer. 
Any EPROM which can store larger than 2K bytes, may be 
used to transport the character dot patterns. 


Commercially available EPROM programmers may be used 
to program the character dot patterns inside the EPROM for 
submission to Hitachi America, Ltd., (HAL). | 


For more information, consult your nearest HAL, sales office 
or call the address listed below. ee 
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The literature and other documents used in this design are summarized below : 


H8/532 Cross Assembler Manual #SO85CPC and " C " compiler for IBM PC 
H8/532 Evaluation Board User's Manual # USS5S38EVB21H 
H8/532 Software User's Manual # HSS38EMSS1E 
-MS "WORD " User Manual and other reference manuals 
" PROCOMM " User Manual and other reference manuals 
LCD Data Book #M24T013 from Hitachi America Ltd. 
Memory Data Books from Hitachi America Ltd. 
Hitachi Graphic Module Catalog # XX-E139 from ELT Division 
H8/532 Hardware User's Manual #M21T002 from Hitachi 
H8/500 Programming Manual #M21T001 from Hitachi 
H8/500 Software Application Note #M21T003 from Hitachi 
H8/532 Overview #M21T173 from Hitachi 
Hitachi Laptop Personal Computer HL320 - Operator Manual 
Hitachi Laptop Personal Computer HL320 - MSDOS V3.2 User's Manual 


eooo0o 0 00000000 0 0 
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TUTORIAL - SOFTWARE DEVELOPMENT 
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REFERENCE LITERATURE 
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+ 148/800 ASSEMBLER (HSSO@OASAISF) VER 1.0% 00/27/00 17:56:42 PAGE 8 


“ SECTION OATAUST 
SECTON ATTABUTE SWE _—STAAT 


GRA RELCOOE 06198 


SECTION 
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*** H8/S00 ASSEMBLER (HSSOSDASAISF) VER 1.0 “°° 00/27/90 17:56:42 PAGE 5 


** CROSS REFERENCE LIST - 
NAME SECTION ATTR VALUE SEQUENCE 
Ci GRA QO00E006 68° 70 
C2 GRA QOOOEOAF 77° 79 
C3 GRA QOOOEOCS 87° 97 
C4 GRA QOOOEOCE 88" 90 
GRA GRA SCT 00000000 7° 
X GRA EXPTOOQQOOEN0O 3 8° 
x1 GRA QOOOEDIA 21° 23 
X10 GRA 0000E137 131° 133 
X11 GRA QOQOEI4E 139° 141 
X12 GRA QOOOE16S 147° 149 
X13 GRA QOO0EI7C 155° 157 
X2 GRA Q000E0SS 3° 32 
x3 GRA QOOCEOMC 39° 41 
x GRA QO00E0GS 48° 50 
X6 GRA QOO0EO7C 56° 58 
X7 GRA QOOOEOEB 102° 104 
x8 GRA COO0E107. 114° 116 
x9 GRA QCOOOE NIE 122° 126 
Section H ITACHI 
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*** H8/S00 ASSEMBLER (HSS08DASAISF) VER 1.0°°° 0/27/00 17:56:42 . PAGE 4 
PROGRAM NAME « GRA-BCS 


**TOTALERRORS 0 
***TOTAL WARNINGS 0 


SECTION 
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+» 18/500 ASSEMBLER (HSSO8DASAISF) VER 1.0 ** 04/04/90 15:40:31 


PAGE 3 
PROGRAM NAME « GRA-8CS 

115GRA CEIOC ACF? BIST a7 BIT TEST #7 OF Ré 
116GRA CEI0G 26F7 BNE x8 F BFLAG =Zet GO TO X8 
117GRA CE11000 NOP -B/FLAG NOT SET 

118GRA CE111 5008 MOVE #HB,RO -ROs8H 

119GRA CE113 157FF10000 MOVTPE RO.@H7FFI ‘BH TO 7FFI 

120GRA E118 5204 MOVE #H14,R2 R2s04H 

121GRA C EI1A 1S7FFO0082 MOVTPE R2,@H7FFO 04H TO 7FFO 

122GRA CENIFOO NOP 

129GRA CE1201S7FF10064 =: X9:_-—«- MOVFPE @H7FFIAS ‘READ 7FF1 DATA TO R4 
124GRA CE125 ACF7 BTST #7,R4 BIT TEST #7 OF Fé 
125GRA E127 26F7 BNE X9 ‘F BFLAG =Z=1 GO TO x9 
126GRA CE12900 NOP :B/FLAG NOT SET 

127GRA CE12A500C MOV #HC,RO ‘A0=CH 

128GRA E120 157FF10000 MOVTPE RO.@H7FFI CH TO 7FFI 

129GRA C E131 5100 MOVE #H0,R1 ‘Ri n00HeGRAPHIC BYTE #1 
130GRA E133 157FF00001 MOVTPE R1,@H7FFO 0H TO 7FFO 

131GRA CE13800 NOP 

132GRA CE139157FF100G4 X10: ~ MOVFPE @H7FF1,R4 ‘READ 7FF1 DATA TO R4 
133GRA CE13E ACF7 BIST 87,R4 ‘BIT TEST 87 OF Ré 
134GRA E140 26F7 BNE X10 F BFLAG =Ze1 GO TO X10 
135GRA CE14200 NOP ‘B/FLAG NOT SET 

136GRA C E143 157FF10000 MOVTPE RO.@H7FFI CH TO 7FF1 

137GRA CE14851FF MOV:E #HFE,AT -R1=FFeGRAPHIC BYTE @2 

138GRA CC E14A 157FFO0001 MOVTPE R1,@H7FFO AFF TO 7FFO 

139GRA CE4F 00 NOP 

140GRA CE1S0157FF10064 =». X11: MOVFPE QH7FFI.A4 ‘READ 7FF1 DATA TO R4 
141GRA © E155 ACF7 BTST #7,RA ‘BIT TEST 870F 4 
142GRA C157 267 BNE Xi F BFLAG =Zel GO TO X11 
143GRA CE15900 NOP ‘BVFLAG NOT SET 

144GRA CE1SA 1S7FF10090 MOVIPE RO,@H7FFI CH TO 7FFI 

145GRA CEISF 5166 MOVE #H66,A1 -A1=66-GRAPHIC BYTE #3 

146GRA C E161 157FF00091 MOVTPE A1,@H7FFO 66 TO 7FFO 

147GRA CE16600 NOP 

148GRA C E167 157FF10064 X12: MOVFPE @H7FFI,R4 ‘READ 7FF1 DATA TO R4 
149GRA CEI6C ACF7 ’ BTST a7. ‘BIT TEST #7 OF Rea 
150GRA © EIGE 26F7 BNE X12 F BFLAG aZai GO TO X12 
151GRA CE17000 NOP ‘B/FLAG NOT SET 
152GRA E171 157FF10090 MOVTPE RO,@H7FFI CH TO 7FFI 

1539GRA CE1765177 MOVE #H77,R1 . -Rin77eGRAPHIC BYTE a4 

154GRA CE178 157FFO0091 MOVTPE R1@H7FFO ‘77 TO 7FFO 

1SSGRA CEI7D00 NOP 
1S6GRA CEI7E1S7FFI0064 =«-_- X13:.-:« MOVFPE QHTFFI RA READ 7FF1 DATA TOR6 
157GRA C E183 ACF7 BTST 87,4 ‘BIT TEST #7 OF Ré 
1S@GRA C E185 26F7 BNE X13 IF BFLAG aZat GO TO X13 
1S9GRA ©E18700 NOP -Q/FLAG NOT SET 

160GRA C E188 1S7FF10003 MOVTPE ROQ@H7FFI 0H TO 7FFI 

161GRA CE180 5132 MOVE #H132,R21 LOAD Rla32HeDISP=ON 

162GRA CE16F 1S7FFO0091 MOVTPE R1,@H7FFO 32H TO 7FFO 

163 

164GRA CE19400 NOP ; DISPLAY DOT LIGHT = LOGIC ‘0° 

165GRA CE196.00 NOP ; DISPLAY DOT DARK » LOGIC “1° 

166 

167GRA CE19600 NOP 

168GRA CE19700 NOP 

169GRA CE061A SLEEP +H8532 ASLEEP 

170GRA CE19900 NOP 


171 
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** 148/500 ASSEMBLER (HSSOSOASA1SF) VER 1.0 °° 04/04/90 15:40:31 


PAGE 2 
PROGRAM NAME @ GRA-8CS 
S8GRA C £063 26F7 BNE X6 IF BFLAG aZat GO TO x6 
S9GRA £08500 NOP | ‘B/FLAG NOT SET 
6OGRA C£086 5000 MOVE #H19,R0 ‘LOAD RO=SH 
61GRA £088 1S7FF10000 MOVTPE RO.@H7FFI 9H TO 7FFI 
62GRA CE08O 1S7FFO00G2 MOVTPE R2.@H7FFO 0H TO 7FFO 
63GRA CE09200 NOP | | 
64 . ; SCREEN CLEAR ROUTING START 
65 5 
66EGRA CED ADI3 CLAW AS - CLEAR RS 
67GRA E095 00 NOP | 
68GRA CE0061S7FFI0006 = C1: «= MOVFPE @HTFFIRA ‘READ 7FF1 DATA TO Ré 
69GRA £008 ACF7 BYST 87, ‘BIT TEST 87 OF Ré 
70GRA CE090 26F7 BNE Ci IF BFLAG aZai GO TO C1 
71GRA CE0SF 00 NOP ‘B/FLAG NOT SET 
72GRA CEQOA0SO0A MOVE sHHARO . 3R0=AH 
73GRA CE0A2 157FF10090 MOVTPE RO.@H7FF1 ‘AH TO 7FFI 
74GRA CE0A75100 MOVE #HO,AI ‘AlsOH | 
75GRA C E0A9 157FF00091 MOVIPE Al,@H7FFO 0H TO 7FFO-CUR L/B=0H 
76GRA CEOAECO NOP | 
77GRA CEOAF1S7FF100@4 §=6s«sC2:.-—Ss MOVPE @H7FFI AS ‘READ 7FF1 DATA TO RA 
78GRA CE0B4 ACF7 BTST 87,4 ‘BIT TEST #7 OF Ré 
79GRA £086 26F7 BNE C2 IF BFLAG aZ=1 GO TO C2 
BOGRA CE0B800 NOP -B/FLAG NOT SET 
B1GRA CE089 S008 MOVE #HB,RO ‘PO=8H 
82GRA CE08B 157FF10000 MOVTPE RO,@H7FF1 ‘BH TO.7FF1 
83GRA CE0COSI00 MOVE HORI ‘RieOH 
84GRA CC E0C2 157FF00001 MOVTPE R1,@H7FFO 0H TO 7FFO-CUR H/B=0H 
85GRA CE0C700 NOP | | 
86GRA CE0C8 SOFFFF MOV:I SHFFFF,RS:COUNT=ASeFFFFH 
87GRA CE0CBOO C3: NOP a 
G8GRA CEOCCIS7FFI0086 C4: += MOVFPE @H7FFI,R4 ‘READ 7FF1 DATATORS © 
B9GRA CED! ACF7 BTST a7.A4 BIT TEST #7 OF 4 
9OGRA CE003 26F7 BNE CA IF BFLAG aZa1 GO TO C4 
91GRA E005 00 NOP ‘B/FLAG NOT SET 
92GRA CE006 500C MOVE — #HC,RO RQwCH 
93GRA £008 157FF10000 MOVTPE RO.@H7FFI :CH TO 7FFI 
94GRA C£E000 5100 MOVE: sHORT ‘Rl -OH=CODE FOR “DOT OFF 
95GRA CEOOF 157FFOO001 MOVTPE  AIL@HT7FFO 0H TO 7FFO 
96GRA CE0ES00 NOP | | 
97GRA CE0ES0180E3 SCBF RS,C3 
Q8GRA CECE8OO NOP 7 : 
99 _ SCREEN CLEAR ROUTINE COMPLETED 
100GRA CE0E900 NOP | 
101 GRA CECEA0O NOP | 
102GRA CEOEB1S7FFI00@46 =6»-_-«XX7:-_—s MOVFPE @H7FFI,AA ‘READ 7FF1 DATA TO AA 
103GRA CEOFOACF7 BTST #74 BIT TEST #7 OF R4 
104GRA C E0F2 26F7 BNE x7 IF BFLAG =Z=1 GO TO X7 
105GRA C E0F400 NOP -_ ‘B/FLAG NOT SET 
106GRA CEOFS00 NOP 
 107GRA CE0R600 NOP INITIALIZATION DONE 
-108GRA CE0F700 NOP | 
109GRA CEOF@SOOA MOVE sHARO ‘ROeAH 
110GRA C E0FA1S7FF10000 MOVTPE RO,@H7FFI ‘AH TO 7FFI 
111GRA CEOFF 5180 MOVE: #H80,R1 :A1=B0H 
112GRA C E101 157FFO00e1 MOVTPE R1,@H7FFO 0H TO 7FFO 
113GRA~ CE106 00 NOP ) 
114GRA CE107 1S7FFI0084 «= ss X8:,«S- MOVFPE @HTFFIA4 ‘READ 7FF1 DATA TO RA 
HITACHI 
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*** 16/600 ASSEMBLER (HSSOBDASA! SF) VER 1.0 °° 04/04/00 15:40:31 


PROGRAM NAME 


1 
2GRA 
3 
4GRA 
§ 

6 

? 
BGRA 
9GRA 
10GRA 
11GRA 
12GRA 
19GRA 
14GRA 
1SGRA 
16GRA 
17GRA 
18GRA 
19GRA 
20GRA 
21 GRA 
22GRA 
23GRA 
24GRA 
25GRA 
26GRA 
27GRA 
28 GRA 
29GRA 
30GRA 
31 GRA 
92GRA 
33GRA 
34GRA 
35 GRA 
 96GRA 
37GRA 
38GRA 
39GRA 
40 GRA 
41 GRA 
42GRA 
43 GRA 
44GRA 
45GRA 
46 GRA 
47GRA 
48GRA 
49GRA 
50 GRA 
51 GRA 
52GRA 
53 GRA 
54GRA 
55GRA 
56 GRA 
S7GRA 


Section 
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C 0000 


C E000 


C  0000&000 

C £000 A013 

C £002 A113 

C E004 A213 

C E006 A313 

C 008 A419 

C EO0A 00 

C E008 00 

C E00C 00 

C E000 157FF 10000 
C E012 S112 

C E014 157FFO0001 
C E019 00 

C EOIA 157FF10084 
C EQIF ACF7 

C E021 26F7 

C E023 00 

C £024 5001 

C £026 157FF10000 
C E028 5107 


C E020 157FF 00001 


C £032 00 

© £003 157FF10086 
C £038 ACF7 

C E0GA 26F7 

C E036 00 

C E030 $002 

C E0SF 187FF 10000 
C £044 $110 

C £046 157FF00001 
C E048 00 

C E04C 157FF 10064 
C E051 ACF7 

C £083 26F7 

C £055 00 

© £066 5003 

C E058 157FF 10000 
C E080 SIF. 

C E0SF 157FFO0001 
C £066 00 

C £065 157FF10086 
C E06A ACF7 

C E06C 26F7 

C E06E 00 

C E06F 5008 

© E071 1S7FF 10090 
C £076 157FF00082 
C £078 00 


C E07C 157FF10086 


C E061 ACF7 


PAGE 1 
GRA-8CS 
HEADING °GRA-BCS" 
SECTION GRACODE,ALIGNa2 
EXPORT X 
ORG HE0OO LOC CNTR =£000H 
: BUSY FLAG CHECKED 
x: QU $ X = EOO0H 
CLA RO CLEARRO 
CAB Al ‘CLEAR Ri 
CLAB R2 ‘CLEAR R2 
CARB R3 ‘CLEAR R3 
CLA.B Re CLEAR R46 
NOP 
NOP INITIALIZATION START 
NOP 
MOVTPE - RO,@H7FFI 0H TO 7FFI 
MOVE #HI2.RA1 LOAD Al =12H 
MOVTPE Rt, @H7FFO 12H TO 7FFO 
NOP 
X1: MOVFPE @H7FFI.A4 ‘READ 7FF1 DATA TO R4 
BTST #7,R4 BIT TEST #7 OF Ré 
BNE xt F BFLAG =Zut GO TO X1 
NOP -B/FLAG NOT SET. 
MOVE #H1'1,RO LOAD RO=tH 
MOVTPE RO.@H7FFI ‘1H TO 7FFI 
MOVE sH7,At ‘LOAD Ri=7H 
MOVTPE R1.@HTFFO ‘7H TO 7FFO 
NOP 
X2:  MOVFPE @HT7FFI,AA ‘READ 7FF1 DATA TORS. 
BIST 87,4 BIT TEST 87 OF Ré 
BNE X2 ‘F BFLAG aZ=1 GO TO X2 
" NOP ‘B/FLAG NOT SET 
MOVE ##2.R0 ‘LOAD RO=2H 
MOVTPE RO,@H7FFI 2H TO 7FFI 
MOVE #H10,A1 :LOAD R1=10H 
MOVTPE Al.@H7FFO -1DH TO 7FFO 
NOP 
x3: MOVFPE @H7FFIA4 ‘READ 7FF1 DATA TO A4 
TST 87,74 BIT TEST #7 OF Fé 
BNE X3 ‘IF BFLAG #Za1 GO TO X3 
NOP -B/FLAG NOT SET 
MOVE #13,R0 ‘LOAD RO=3H 
MOVTPE RO,@H7FFI 3H TO 7FFI 
MOVE #HIF.AL -LOADAl=IFH 
MOVTPE RIL@H7FFO :1FH TO 7FFO 
NOP 
x4: MOVFPE QH7FFI.RA ‘READ 7FF1 DATA TO R64 
TST 87.4 BIT TEST #7 OF Ra 
BNE XA iF BFLAG =Zu1 GO TO XA 
NOP ‘B/FLAG NOT SET 
MOV:E #+178,R0 ‘ROw8H 
MOVTPE RO,@H7FFI BH TO 7FFI 
MOVTPE R2,@H7FFO 0H TO 7FFO 
NoP 
X6:  MOVFPE @H7FFI.A4 ‘READ 7FF1 DATA TO R4 
BTST | #7,RA ‘BIT TEST 87 OF 4 
HITACHI 
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APPENDIX " B " 


1.0 PROGRAM NAME - " GRA-BCS.MOT " 


2.0 ADDRESS RANGE - " E000H - E199H " 


SECTION 





3.0 PROGRAM DESCRIPTION - (CLEARS SCREEN, CHECKS BUSY FLAG, AND DIS 
PLAYS 4 GRAPHIC BYTES ON THE LCD LM200 
PANEL STARTING AT THE ene CURSOR 


POSITION. 
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*** H@/500 ASSEMBLER (HSSOGDASAISF) VER 1.0°°* 00/27/00 17:46:03 PAGE 6 


** SECTION DATA UST 
SECTION ATTRBUTE SIZE START 
CHR RELCODE OCIAF 
Section . HITACHI 
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*** 118/600 ASSEMBLER (HSSOSOASA1SF) VER 1.0 °° 03/27/90 17:46:03 PAGE § 


** CROSS REFERENCE UST 
NAME SECTION ATTA VALUE SEQUENCE 
A CHR EXPTOCOQOCC00 «3 8’ 
Ci CHR  - CQ00C0BO 79° 81 
C2 CHR - C000C0CO «88° 90 
c3 CHR  — COOOCOES 98” 108 
Cs CHR  —- QOOOCOES «99° 101 
CHR CHR SCT coocqoee 2° 
xt CHA §=—s-« CROUCH «23-25 
X10 CHR  —- QOOOC 154 149° 145 
x11 CHR 00000168 151° 153 
X12 CHR  - QOOOCI7F 150° 161 
X13 CHR 00000198 167° 169 
x2 CHR (0000004 32° 44 
x3 CHR QCO00COAD 41° 43 
%4 CHR 0Q000cn66 50° 52 
x5 CHR  - QOOOCO7F 50° 61 
x6 CHR  - cg00cees «67° 69 
x7 CHR = 00000104 113° 115 
x8 CHR 00000121 126° 128 
x9 CHR  —- C000C 138 134° 196 


SECTION 
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*** H8/S00 ASSEMBLER (HSSOSDASAISF) VER 1.0°°* 00/27/90 17:46:03 PAGE 4 


PROGRAM NAME e _CHR-8CS 
172CHR CCIAS519C MOVE #HIC,A1 LOAD Ala3CHeDISP=sON 
173CHR =C CIA7 157FF00081 MOVTPE Ri, @H7FFO ‘ICH TO 7FFO 
174 
178CHR CCIACO NOP 
176CHR CCIAD00 NOP 
177 
178CHR 9 CCIAEIA SLEEP ; PROCESSOR H8/532 
: SLEEP 
179 
180 .ENO 


“***TOTALERRORS 0 
****TOTAL WARNINGS 0 


Section . . HITACHI 
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- PROGRAM NAME « CHR-8CS 
115CHR C108 26F7 BNE X7 IF FLAG wZe1 GO TOX7 
116CHR CCI0000 NOP ‘B/FLAG NOT SET 
117CHR + CCIOE00 NOP 
“418CHR CCIOF OO NoP ; INITIALIZATION END 
119CHR ~€C11000 NOP 
120CHR CC11100 NOP 
121CHR © C112500A MOVE #HARO ‘ROaAH 
122CHR © C114 187FF10000 MOVTPE RO,@H7FFI ‘AH TO 7FF1 
123CHA CC119$108 MOVE H8Ri Al a8H 
126CHR C C11B 157FFO0091 MOVTPE Ri, @H7FFO -8H TO 7FFO 
125CHR ©C12000 NOP 
126CHR 9 C.C121 1S7FF10086 §=»s- XB: MOVFPE QHT7FFI,ARA ‘READ 7FF1 DATA TO R4 
127CHR += C C126 ACF? BIST 87,4 BIT TEST #7 OF Ra 
128CHR ©. C128 26F7 BNE X8 IF BFLAG aZ=1 GOTO XS 
129CHR CC12A00 NoP - ;BAFLAG NOT SET 
190CHR C128 S008 MOVE #HB,RO Po=BH 
131 CHR ~C.C120 157FF 10090 MOVTPE RO,@H7FFI ‘BH TO 7FFI 
132CHA C132 157FF00092 MOVTPE R2.@H7FFO 0H TO 7FFO 
193CHR ©C13700 NOP | 
194CHR CC138157FF100@6 = X9: + MOVFPE @H7FFILRA ‘READ 7FF1 OATA TO R4 
135CHR C130 ACF7 TST #7,R4 BIT TEST #7 OF A 
196CHR C CI3F 26F7 BNE x9 ‘IF BFLAG aZal GO TO X9 
1397CHA CC14100 NOP ‘B/FLAG NOT SET 
138CHR ©.C142500C MOVE #H¥C,RO | ‘RO=CH 
199CHR C0144 157FF10000 MOVTPE  RO.@H7FFI CH TO 7FF1 
140CHR CC1495148 MOVE #HABLRI :Rilm4BeCODE FOR K° 
141 CHR = C C148 157FFO0091 MOVTPE - RIL@H7FFO 48 TO 7FFO 
142CHR €.C15000 NOP . . 
143CHR = C.C151 1S7FF10084 = «X10: MOVFPE — QHTFFI,RA ‘READ 7FF1 DATA TO R4 > 
144 CHR CCIS6ACF7 BIST #7,R4 BIT TEST #7 OF Ré fe) 
“{4SCHA C0188 26F7 BNE x10 JE FLAG aZat GOTO X10 G 
148CHR CCISA00 NOP .B/FLAG NOT SET 7) 
147CHR © C15B 157FF10090 MOVTPE RO.@H7FF1 CH TO 7FF1 
—148CHR =CC1605141 MOVE . SHALL AiedtsCODE FOR °A’ 
149CHR C.C162 157FF00091 MOVTPE RI,@H7FFO ;41 TO 7FFO 
150CHR CC16700 NOP 
151CHR + CC168157FF10064 © X11: MOVFPE @H7FFI,R4 ‘READ 7FF1 DATA TO RA 
152CHA CCI6D ACF7 BIST #7,R4 BIT TEST #7 OF RA 
159CHR C CIGF 26F7 BNE Xi IF PFLAG aZ=1 GO TO X11 
184CHR + CC17100 NOP " B/FLAG NOT SET 
155CHR C172 1S7FF10000 MOVTPE RO.@H7FFI CH TO 7FFI 
156CHA C.C1775183 MOVE -  #HSAAI :R1e53aCODE FOR °S° 
1S7CHR C179 157FFOOOS1 MOVTPE RIL@H7FFO 53 TO 7FFO 
1S8CHA CCI7E00 NOP 
-159CHR CCI7FIS7FFIO086 «=©=——- X12: MOVFPE QHT7FFI,RA ‘READ 7FF1 DATA TO AA 
160CHR CCI84ACF7 BTsT #74 ‘BIT TEST #7 OF Fa 
161 CHR CC186 26F7 BNE X12 WF BFLAG aZat GO TO X12 
162CHR CC18800 NoP ;B/FLAG NOT SET 
169CHR C189 1S7FF10000 MOVTPE RO.@H7FFI CH TO 7FF1 
164CHR CCI8E5148 MOVE #H48,R1 :Alw4GaCODE FOR H” 
165CHR CCI901S7FFOOQUG1 MOVTPE Ri ,@H7FFO 48 TO 7FFO 
166CHA CC19500 NOP 
167CHR CCI961S7FFI0084 = X13: ~MOVFPE @H7FFI,A4 ‘READ 7FF1 DATA TO R4 
168CHR CCI9B ACF7 8TST #7,R4 BIT TEST #7 OF A 
169CHR C190 26F7 BNE X13 F BFLAG aZat GO TO X13 
170CHR = C.CI9F 00 NOP B/FLAG NOT SET 
171 CHR CCTA0 1S7FF10088 MOVTPE R3,Q@H7FFI 0H TO 7FFI 
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PROGRAM NAME = CHR-8CS 

S8CHR 1 CCO7EOO NOP | 

SOCHR CC CO7F 1S7FF 10084 XS: MOVFPE QH7FFILA4 ‘READ 7FF1 DATA TO Aé 
60CHA CC0G4 ACF7 BTST #7,A6 ‘BIT TEST 87 OF Ae 
61CHR CC086 26F7 BNE x5 IF B/FLAG 2Z=1 GO TO X5 
62CHR C0088 00 NOP ‘B/FLAG NOT SET 

63CHR C080 5008 MOVE #+1'8,RO ‘ROe8H 

64CHR CCO8B 157FF10090 MOVTPE RO.@H7FFI :8H TO 7FFI 

65CHR C000 157FF00092 MOVTPE R2,@H7FFO 0H TO 7FFO 

66CHR C006 00 NOP 

67CHR CC006 1S7FF 10064 X6: MOVFPE @H'7FF1,A4 ‘READ 7FF1 DATA TO R4 

68CHR C008 ACF7 8TST #7,R4 ‘BIT TEST #7 OF Ré4 | 

69CHR CC090 26F7 BNE X6 AF BFLAG 2221 GO TO X68 

7OCHR CCOOF 00 NOP ‘BFLAG NOT SET 

71CHR CCOAQ 5009 MOVE #+9,R0 “LOAD ROuQH 

72CHR C COA2 1S7FF10000 MOVTPE RO,QH7FFI ‘9H TO 7FFI 

73CHR CCOA7 157FF00002 MOVTPE R2,@H7FFO 0H TO 7FFO 

74CHR = CCOAC OO NOP 

78 ; SCREEN CLEAR ROUTINE START 

7% 

77CHR CCOAD ADI3 CLA.W AS ; CLEAR AS 

78CHR 4=CCOAF 00 NOP 

79CHR C.COB0 1S7FFIO0G4 C1: MOVFPE @H'7FFIAR4 ‘READ 7FF1 DATA TO Ré 
80CHR CCOBS ACF7 BIST 87,4 ‘BIT TEST #7 OF Fa 
B1CHR C087 26F7 BNE Ci iF BFLAG aZe1 GO TO Ci 
82CHR CC0B9 00 NOP ‘B/FLAG NOT SET 

S83CHR CCOBASOOA MOVE #HPA,RO ‘ROsAH 

84CHR CC COBC 157FF10000 MOVTPE RO.@H7FFI “AH TO 7FFI 
- @BSCHR CCOCI 5100 MOVE #f0,Ri1 ‘R1s0H 

86CHR CCOC3 157FF00001 MOVTPE R1,@H7FFO (OH TO 7FFO-CUR L/B=0H 
87CHR 1 CCOC800 NOP 

88CHR C COCO 157FF10084 C2: MOVFPE @H7FFI,R4 ‘READ 7FF1 OATA TO AS 
89CHR CCOCE ACF7 BTST 87,4 ‘BIT TEST #7 OF Ab 
9OCHR CCOD0 26F7 BNE C2 ‘IF BFLAG Zn GO TO C2 
91CHR C€C00200 NOP ‘B/FLAG NOT SET 

92CHR C€COO3 5008 MOVE #HB,RO ‘RO=BH 

S3CHR CCOD6 157FF10000 MOVTPE RO.@H7FFI ‘BH TO 7FFI 

S4CHR CCODASION MOVE #H0,R1 ‘Ails0H 

95CHR CCOOC 157FF00001 MOVTPE R1,@H7FFO 0H TO 7FFO-CUR H/Be0H 
96CHR CCOCEI OO NOP 

97CHR CCOE2 SOOIFF MOV #H1FF.AS COUNTsRS=1FFH 

98CHR CCOES OO C3: NOP 

S99CHR CCOE6 1S7FF10084 C4: MOVFPE @HTFFI AS ‘READ 7FF1 DATA TO Ré 
100CHR + C COEB ACF7 BTST #7,R4 ‘BIT TEST #7 OF As 

101 CHR C COED 26F7 BNE C4 | iF BFLAG aZe! GO TO C4 
102CHR + C COEF OO NOP | ‘B/FLAG NOT SET 

103 CHR C COFO S000 MOVE #H1C,RO R0eCH - . 

104CHR C COF2 157FF10000 MOVTPE RO.@H7FFI ‘CH TO 7FF 

105CHR CCOF75120 MOV:E #120,R1  :R1a20HeCODE FOR “BLANK” 
106CHR C COFO 157FFO0091 MOVTPE R1,@H7FFO :20H TO 7FFO 

107CHR + CCOFEOO NOP | 

108CHR C COFF 01B0E3 SCBF R503 

109CHR 6610200 NOP 

110 ; SCREEN CLEAR ROUTINE COMPLETED 

{11CHR €C10300 NOP 

112 

113CHR = C104 1S7FFI0084 X7; MOVFPE Q@HTFFI,A4 ‘READ 7FF1 DATA TO R4 
114CHR CIO ACF7 . STST a7, ‘BIT TEST 87 OF Ra 
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PROGRAM NAME = 


7 
2CHR 
3 
4 CHR 
: 

7 

SCHR 
9 CHR 
10 CHR 
11 CHR 
12CHA 
13 CHR 
14 
15 CHA 
16 CHR 
17 CHR 
18 CHR 
19 CHA 

20 CHA 
21 CHA 
22 CHR 
23 CHA 
24 CHR 
25 CHR 
26 CHA 
27 CHR 
28 CHR 
29CHR 
30 CHA 
31 CHR 
32 CHA 
33 CHR 
34 CHR 
35 CHA 
96 CHA 
97 CHA 
38 CHR 
39 CHR 
40 CHR 
41 CHA 
42 CHR 
43 CHR 
4CHR 
45 CHR 
46 CHR 
47 CHR 
48 CHR 
49 CHA 
50 CHA 
51 CHA 
S2CHR 
53 CHA 
54CHA 
85 CHA 


56 CHR © 


57 CHA 
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C 0000 


¢.c000 


C 00000000 
C C000 A013 
C C002 A113 
C C004 A213 
C C006 A313 


C0008 A413 


C COOA 00 
CCO0B 00 

©. CO0C 00 

€ C000 00 

C COOE 157FF10090 
C0013 6116 

C C015 157FF00091 
CCO1A00 

‘©. CO1B 157FF 10086 
©0020 ACF? 

C 0022 26F7 

C C024 00 

C C025 5001 

C C027 157FF 10000 
C CO2C 5195 

C CO2E 157FF00091 
C CO 00 

C C004 157FF10086 
©0039 ACF7 
C0038 26F7 
C0090 00 

C COSE 5002 

C C040 157FF10000 
© C045 5127 

C C047 157FF00081 
C COsC 00 

© CO4O 157FF 10086 
C C052 ACF? 

C COS4 26F7 

C C056 00 

C C057 5003 

C C059 157FF 10000 
CCOSE S11F 

C C060 157FF00091. 
C C065 00 

C C068 1S7FF 10084 
C C068 ACF? 
C.C060 26F7 

C CO6F 00 

© C070 5004 
C.C072 157FF 10090 
C0077 5108 

C C079 157FF00081 


PAGE 1 
- CHR-BCS 
HEADING “CHR-BCS° 
SECTION CHR,CODE,ALIGN=2 
EXPORT A 
ORG HC000 ‘LOC CNTR =COO0H 
, BUSY FLAG CHECKED 
A £QuU $ ‘A= COOOH 
CLA.B RO ‘CLEAR RO 
cLA.B Ri ‘CLEAR Ri 
CARB  R2 ‘CLEAR R2 
CLA.B R3 ‘CLEAR F3 
CLA.B Ré ‘CLEAR Ri 
NOP ran 
NOP ; INITIALIATION START 
NoP 
NOP 
MOVTPE RO,@H7FF1 OH TO 7FFI 
MOVE #HIC.A1 LOAD Al =CH | 
MOVTPE R1,@H7FFO -1CH TO 7FFO 
seas i 
Xt: MOVFPE @HT7FFI,A4 ‘READ 7FF1 DATA TO R4 
BTST #7,R4 BIT TEST #7 OF 4 
BNE x! F BFLAG =Z=1 GO TO X1 
NOP ‘B/FLAG NOT SET 
MOVE #41,R0 LOAD ROe1H 
MOVTPE RO,@H7FFI ‘1H TO 7FFA 
MOVE ##195,R1 LOAD R1=96H 
MOVTPE R1.@H7FFO 95H TO 7FFO 
NOP 
X2: MOVFPE @H7FFIA4 ‘READ 7FF1 DATATORS — 
BTST 87,4 ‘BIT TEST #7 OF Ré 
BNE X2 AF BFLAG aZei GO TO X2 
NOP : ‘B/FLAG NOT SET 
MOVE ##2,RO LOAD RO=2H 
MOVTPE RO,Q@HT7FFI 2H TO 7FF1 
MOVE #4127,R1  :LOAD Rla27H 
MOVTPE R1,@H7FFO 27H TO 7FFO 
NOP 
X3:;  MOVFPE @H7FF1,R4 ‘READ 7FF1 DATA TO RA 
' BTST yA) BIT TEST 87 OF 4 
BNE x3 F BFLAG aZ=t GO TO 3 
NOP ‘FLAG NOT SET 
MOVE #H13,R0 ‘LOAD RO=3H 
MOVTPE RO,@H7FFI ‘3H TO 7FFI 
MOVE #HIF.A1 {LOAD AlaIFH 
MOVTPE Ri .@H7FFO ‘1FH TO 7FFO 
NOP | | 
X4: MOVFPE Q@HT7FFI,AA ‘READ 7FF1 DATA TO AA 
BTST 87.4 BIT TEST 87 OF Ra 
BNE XA IF BFLAG 2221 GOTO 
NOP . ‘B/FLAG NOT SET 
MOVE #+14,R0 LOAD RO=4H 
MOVTPE. RO,@H7FFI 4H TO 7FFA 
MOVE #18,.R1 ‘LOAD Ri =8H 
MOVTPE R1.@H7FFO 6H TO 7FFO 
HITACHI 
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APPENDIX " A " 


1.0 PROGRAM NAME - " CHR-BCS.MOT " 
2.0 ADDRESS RANGE - " COO0H - CIAEH " 


3.0 PROGRAM DESCRIPTION - CLEARS SCREEN, CHECKS BUSY FLAG, AND DIS 
PLAYS 4 LETTERS " KASH " ON THE LCD LM200 
PANEL STARTING AT THE 8TH CURSOR POSITION. 
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7.4.4 "S" Record Conversion : 


7.4.5 To Up-loada File : 


.o 


To convert a file to "S" record format execute the command shown ; 
o Enter CNVS.EXE KY.ABS (The extentions are not necessary) 


As a result of the conversion process an ASCII coded file is created 
with "*.MOT" extention. In this case, it will be KY.MOT. 


Change directory to "PROCOMM" i.e. CAPROCOMM. Then 
execute the following commands ; , 


Enter - "PROCOMM " (Load the 'PROCOMM' package ) 
Set the serial communication line to 9600 Baud, NPTY, 8 
Bits, 1 STOP Bit, Full Duplex, with ASCII code. 
At the HMS > prompt, enter - TL ( For Terminal Load ) _ 
PUSH down " Shift/Edit "key. Press '" Page Up" key. — 
The list of upload protocols appears. 
PUSH up the " Shift/Edit " key. 
Choose "7" for" ASCII" protocol. 
Enter the file name that should be up-loaded in the window 
e.g. C:’\H8-SOO\ASM\KY MOT | 
As the data transmission continues, oserve the increasing 
line numbers in the status line along with other line settings. 
O At the end of data transmission, Address Range, followed by 
-_ the HMS > prompt will appear on the screen, if there are no — 

Iie CITOPS: C8: :cainy Saat eres eee ate yeaa 
| Address Range C000 - C1AE 

HMS > © 


ooo0c0d © o © 


SECTION 





NOTE: 


1.0 If there are any transmission errors, hit reset switch "SW3". 
2.0 At the HMS > Prompt, Enter "TL" and repeat the upload 
process. 7 7 


7.4.6 Torun the" KY.MOT " program from the address range shown above, using the Hitachi Monitor 
System (HMS) on the H8/532 Evaluation Board, execute the following command ; 


HMS > G C000 ( Return)... [Refer to H8/532 Eval. Board Software Manual for more details]. 


7.4.7 Torun another program, push NMI switch "SW2" on the H8/532Eval. Board , and at the 
HMS > prompt, enter "TL" and upload a new ASCII file. 
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7.4 Code Assembly Procedure : 


Software code development procedure for this application is described in greater detail in this sub-sec- 
tion. The development tools and other commercially available packages used in this project are briefly 
addressed. No attempt is made to describe these packages in detail. Please, refer to their User manuals 
when in doubt. A working knowledge of the MS "WORD", "PROCOMM", and MSDOS in the PC 
environment is assumed in describing this procedure. Multiple code development stations were built with 
identical tool environment and allow the execution of this procedure. 


7.4.1 User program : The source code is written in assembly language for the H8/532 micro 
processor. The data is entered at location counter H'C000 and a Microsoft 
"WORD" file is created with " *.DOC " extension under MSDOS operat 
ing system for the laptop PC. This file is copied to the C:\H8-500\ASM 
directory with "*.SRC" extension e.g. KY.SRC. 
Note : 1.0 The "*.DOC " file should be unformatted . | 
2.0 User program code space may vary from H'8000 to H'F000. 


7.4.2 Invoke Assembler: To invoke the assembler the following steps are recommended ; 


o Change to the directory - C\H8-500\ASM 
o Enter - H8ASM KY.SRC (The extension is not necessary) 


As a result of the assembly process, "KY.LIS and KY.OBJ " files are 
created. Also, the number and types of assembly errors are indicated. 

If the number of errors, exeeds 0, then go back to "WORD" and examine 
the "KY.LIS" file to see where the errors were made. Find the correspond 
ing errors in the source code file, and correct them. This process may have 
to be repeated many times until all the assembly errors are removed. 


7.4.3 Linker : When there are no errors in the assembly process, generally, a hard copy of 
the "*.LIS" file is made for software documentation process. By providing 
adequate comments in the source file, software debug process is made 
easier. 

The multiple object files are then linked using the linker. To link a file 
execute the folowing command in the C:\H8-500\ASM directory ; 


o Enter - LNK KY.OBJ (The exension is not necessary) 
The linking process generates the file " KY.ABS ". It is to be converted to 


the Motorola "S" record format for up-loading to the H8/532 Evaluation 
Board for execution. 


Section HITACHI 


124 & Hitachi America, Ltd. « ly Francisco Center * 2000 Sierra Point Pkwy. « © Brisbane, CA 94005- 1819 « (415) 589-8300 








7.3 Initialization Flow Chart : (CNT'D.) 


© 


: = EE ee See eee NS ee ee SE ee Lee ee 
Write /O Port "7FF1H" = BH | Select Instruction register "B" 1 
Write I/O Port "7FFOH" = 0H ~ | Set Cursor Address U/Byte "0"H | 


a ee od 

° 
Write I/O Port "7FF1H" = CH | 1 Select Instruction register "C" , | 
Write I/O Port."7FFOH" =4BH Jj ~~ | Send Character Code "4B"H For " K " l 
Ln eee meee cee ce cee ce ee cme eee ee cnet Seen EE ce ee me | 

° 





Write I/O Port "7FF1H" = 0H 
Write I/O Port "7FFOH" = 3CH 


Oo 






| Select Instruction register "QO" 
—— | Send Mode Contol register "3C"H -DISP=ON | 


NOTE : 

1.0 Busy Flag Check code sequence is indicated by " 0" 

2.0 For code details in Graphics or Character mode, see the Appendices. 

| 30 After Initialization, normally the display is cleared by writing character code for a blank "20 H" 

in the display buffer memory or by writing "0" in the graphics memory space. If the LCD screen is 


not cleared, power on random memory data will be displayed. 


4.0 For programming details, refer to the HD61830B data sheet. 
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7.3 Initialization Flow Chart: 


Power on initialization flow chart is shown in this sub-section. The consecutive I/O instructions and their 
brief description is also listed. | 


ar | 
| 
= 
S| 
mY 
© 
= | 
w= | 
D | 
= | 
@) 
S| 
5 
a | 
it | 
ON 
| 
| 
| 
| 
ae | 


~ POR - Initialization Start 


Ws, scissile, ski <email topeie Some “echeas iain Semmes vis seme: pn “stnes al 
{Write I/O Port "7FF1H" = 0H 1 ~~ Select Instructionregister "0" = | 
Write I/O Port."7FFOH" = 1CH 9 Set Mode Control register to "1C"H 
o a os 
Write I/O Port "7FF1H" = 1H 1 ~~ Select Instruction register"1" | 
Write I/O Port "7FFOH" = 95H " Set Character Pitch register to "95"H | 
° F 
Write I/O Port "7FF1H" =2H 1 ~ Select Instruction register"2" 2” | 
Write I/O Port "7FFOH" = 27H ; Set # of Horiz. Characters register to "27H | 
Pie 
Write I/O Port "7FF1H" = 3H f “Select Instruction register"3" 1 
Write I/O Port "7FFOH" = 1FH : Set Inverse Duty Cycle register to "1F"H 
oO , 
Write I/O Port "7FF1H" = 4H 1 ~ Select Instruction register "4" | 
Write I/O Port "7FFOH" = 8H ——— Set Cursor Position register to "8"H 
ve) 
Write I/O Port "7FF1H" = 8H | ~~ Select Instruction register "8" = 8 ==” 4 
Write I/O Port "7FFOH" = 0H —— Set Display Start Address L/Byte to "0"H | 
Ln cues coronas commas mS nm mS ee emcees eamtnnD mums Maman Gente SN ene tenn omen cmt a 
° 
Write I/O Port "7FF1H" = 9H | Select Instruction register Tn | 
Write I/O Port "7FFOH" = 0H oo q Set Display Start Address U/Byte "0"H 
A oe enn -l 
° 
Write I/O Port "7FF1H" = AH ~~ Select Instruction register "A" ~—~———=~S 
Write I/O Port "7FFOH" = 8H el Set Cursor Address L/Byte "8"H | 
ec i ces a aaa nis,“ Summ ps ps J 
Oo 
(K 
Vd 
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7.0 SOFTWARE : 


Software section covers I/O addressing, Busy Flag Varification, Initialization Flow Chart, Code Assem- 
bly Procedure while Appendices show the program neunee 


7.1 I/O Addresss : 


Referring to the H8/532 Evaluation Board Hardware Manual From Hitachi Micro Systems Inc. (HMSI), 
the Expansion Bus I/O space is located from H'7FFO to H'7FFF for expanded minimum mode 1 memory 
(64 KBytes) space. Read the H8/532 documentation for more details. On the LCD Interface Board this 


space is further decoded. "MOVTPE" and "MOVFPE" instructions to or from the‘/O addresses H'7FFO — 


or H'7FF1 are used for data transfers. 

These I/O addresses are memory mapped. The first write data to snidredk H'7FF1 specifies one of the 13 
instruction registers inside the HD61830B. It is followed by a second write to the I/O address H'7FFO 
which sends the data to the data input regiser inside the HD61830B. Therefore, two sequential peripheral 
write commands are required. Fore more details, see the HD61830B data sheet. 

Similarly, reading the I/O address H'7FF1, allows the programer to check the Busy Flag before sending a 
a second instruction when the first instruction is being processed by the HD61830B LCD Controller. In 
the same manner, reading the I/O address H'7FFO, provides the programer output data at the current 
cursor address. The I/O address (Hex) table for read or write operation is shown below : 


lO OPERATION DATA BUS 

ADD. - READ/WRITE | D7 D6 D5 D4 D3 D2 D1 DO 
7FF1 Write Instruction Reg. Bits (13-10) | 0000 BRN 
7FF1 Read Busy Flag (B/F)) BFD DD D OD OD OD 


7FFO Write Data,Character Code, or Graphics Byte(W7-W0) W7 W6 WS W4 W3 W2 W1 WO 


7FFO Read Data, Character Code,or Graphics Byte (R7-RO) R7 R6 RS R4 R3 R2 R1 RO 


NOTE: "D" implies Don't Care. 
7.2 Busy Flag Check :. 


Emperically, it is determined that if the MPU processes consecutive I/O data instructions faster than 
FOUR "CL2" cycle times, the Busy Flag Check is required. In this application, f,,. is 5|00KHz i.e. 2us 
cycle time. The four cycle times would make the HD61830B instruction execution time of 2x4 = 8us. 


The H8/532 MPU operating with 16 MHz crystal provides 8MHz (T=125ns) "Phi" clock. From the 
Instruction Execution Table, "“MOVFPE" or "MOVTPE" instruction requires 13 to 20 "Phi" clocks. 
With, faster time, i.e. 13 "Phi" clocks, it will take 13x 125ns = 1.625 micro-seconds. The two consecu- 
tive I/O Instructions will require at least 1.625 us x 2 = 3.25 micro-seconds. 


Since, MPU Instruction time (3.25us) is substantially faster than 61830B instruction execution time (8us) 
the Busy Flag Check is required in this application. This was also varified in the laboratory. 
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TUTORIAL—SOFTWARE DEVELOPMENT 


D6] Design—Schemati 





U7? GNO, PIN 7 
u? VCC, PIN 14 









* | , 
i Jl & J2 ARE FROM H8/532 
EVALUATION BOARD 
6 
: - 
ts UL ,U2,U3,U4,US,U6 AND YI 


wt 





EACH HAVE A @.81 uF CAPACITOR 
BETWEEN VCC AND GROUND. 





, ed : 
ee eee: 
. aE -|: |. : 
aa, 
ears |: a 
4 fa F ¥¢ B10 Aalto SOR 
ON 4 


LCD 4voo,+sv) 

POWER GROWN : 
44 ; 
HEADER 1SK, 17444 


NOTE: 
1.0 Test Connectors T1,T2, and T3 are for test and debug. 
2.0 After power on reset, Display is "OFF", Slave Mode "ON", and Hp = 6. 
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HD61830B/LM200 DESIGN—SPLIT LEVEL SCANNING 
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5.2 


LCD Display Timing : 


LCD panel LM200 feature highlights are summarized along with some of the timing calculations for 1/32 
duty cycle. | | 


5.2.1 


LM200 Features : Its pertinent features are listed below ; 


5.2.1.1 Power Supply - - (Vip - Vg ) = 7V¥ Max 
pp 7g) = 13.5 V Max 
5.2.1.2 Input Signals: 0.7 x5 = 3.5 V (High), 0.3x5 = 1.5V (Low) 
5.2.1.3 f£,,, Dot Clock Frequency - 390KHz (Min.), 460KHz (Typ.), and 520KHz (Max.) 
5.2.1.4 Duty Cycle - 1/32 , 
5.2.1.5 Power Supply For LCD Drivers - 8.1 V (Ta=0°C), 7.4V (Ta=25°C), and 6.5V (Ta=50°C) 


5.2.1.6 Scanning - Split with top half panel during "D1" and bottom half panel during "D2". 


5.2.3 


5.2.4 
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LCD Interface Board Design : To meet the features shown above, the design data is presented 
in the following description : . 
o Power Supply - V,,,=+5V, V,,=0, and Ver =-5V 
o Input Signals - CMOS levels 
O fu, - J0OKHz 
o Duty Cycle - 1/32 
o Scanning - Split as provided by the LCD Controller HD61830B 
o LCD Driver Voltage - 4.75V ( V,) , variable through contrast adjustment pot. 


LCD Timing: All the calculations are based upon the data provided above. They are summa 
rized as follows : 


oO C, = Fax, = 500 KHZ implies that if a 8 MHz crystal oscillator used, a divide by16 
counter is required to produce a square waveform signal. Therefore, the dot clock time is 
2us. This is an external oscillator and the jumper "J10" is set to "C-2" position. See the 
schematic in section 6.0. 


o T,, = Row scan time for 240 dots horizontally, is 240x2 = 480 us = 0.48 ms 
o With Duty Cycle = 1/32, LCD AC drive = M, = 32 x 0.48 ms = 15.36 ms 
8) M, =2¢ = 2x15.36 ms = 30.72 ms. Therefore, M, Frequency = 32.55 Hz. Since, it is 


notah:. ..onic of the line frequency, there will not be any visible flickering of the LCD 
display. a 
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5.0 LM200 LCD PANEL DISPLAY CRITERIA : 


This section describes the display buffer memory capacity calculations and the LCD Display Timing 
related information for the LM200 LCD display panel. For the LM200 panel specifications, refer to the 
Graphics Panel Catalog from the Hitachi, ELT division. 


5.1 Display Buffer Capacity : 


LM200 panel can display 64 dots vertically, and 240 dots horizontally. 

This implies a display of 64 x240 = 15,360 bits in graphics mode where a dot represents oné 
LCD pixel on the panel. This would be lesser than 16,000 pixels that would be provided by a 2K 
by 8 SRAM in one bit per pixel mode. Allowing for scrolling, and other software overhead, this 
space was increased to 4K bytes. Therefore, the LCD Interface Board was designed for 4K bytes 
using two HM6116ALP-12 SRAM parts. 


Character Mode : 


The built in character ROM inside the HD61830B Controller is used. 5 dots(W) by 7 dots(H) 
character matrix is used with 6th column, 8th, and 10th rows as inter-character space. The cursor 
is set for the 9 th row. 

With this data, 240/6 = 40 characters can be displayed per line. There can be 64 /10 = 6. 4 i.e. 6 
lines of character display resulting in 40x6 = 240 characters per panel. By changing the charac 
ter definition matrix , different numbers of characters can be displayed. Also, note that the _ 
HD61830B LCD Controller allows display of 32 different 5dots(w) x 10dots(h) characters. By 
using an external EPROM, special characters can also be displayed. 


SECTION 





Graphics Mode : 


By defining horizontal pitch (Hp) to be 8 dots, and 1 bit per pixel, 1 byte in the display memory 
would represent 8 LCD dots in a row. Note that, the horizontal pitch can be 6,7, or 8 dots per 
byte to be displayed. | 

With Hp=8, 240 / 8 = 30 bytes of graphics data can be displayed per a row of dots. Since, there 
are 64 rows, a total of 64 x 30 = 1,920 bytes of memory can be displayed on the LM200 panel. 
Note that even though LM200 panel is a split panel scanned as "D1", and "D2" halves, with 1/32 
duty cycle, the display memory space is contiguous. 

Observe, the buffer data inversion when it is displayed on the LM200 panel. For example, buffer 
data "33H" is displayed as "CCH" on the panel. Therefore, desired display data has to be inverted 
and then written to the display buffer. 
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4.3 Display Memory Read Timing : Refer to the SRAM data sheet for Read Cycle (1) timing dia- 
gram. The timing comparision between the HD61803B and the HM6116ALP-12 SRAM parameters is 
done below. Only the critical parameters are addressed : 


PARAMETERS _ Symbol HM6116ALP  =—- HD61830B UNITS 
4.3.1. Read Access Time ne 120 | 650(Max.) ns 
Ba 4.3.2 Data Setup Time hoses 65(Max.) 50 | 7 ns 
4.3.3 Data Hold Time to - 10(Min.) | 40 ns 


NOTE: Any EPROM or SRAM with access time faster than 450 ns and meeting the above parameters 


would be sufficient for memory read in this application. EPROM may be used as a external a custom 


character generator for special characters. 


4.4 Conclusion : 


Since, the external clock frequency "CR" in this design is only S0OKHz, no critical memory parameters 
are voilated. However, for faster panels, thi~ analysis is very important. 
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4.0 DISPLAY MEMORY TIMING : 


This section describes the display buffer memory read and write timing . The Hitachi HM6116ALP-12 
SRAMS ( Q=2 ) with 120 ns access time make up the 4096 byte buffer. For the detailed read / write 
timing diagrams and their parameters refer to the HD61830B data sheet. To see the SRAM data sheet 
refer to the Hitachi Memory Data Book #M11. 


4.1 Timing Data : 


re) If the External Clock "CR" (Refer to the schematic in section 6.0) on the LCD Interface 

Board is set to 2 MHz, then T,, = 500 ns. 
Oo T1 = Memory Data Refresh Time for Upper Screen = 4T,,, ( For Horizontal H, = 8) 

= 4x 500 = 2,000 ns = 2 us. 

Note: For H, = 7, T1= 1.5 us, while For H,=6, T1 = 1.0 us. 

0 T2 = Memory Data Refresh Time for Lower Screen = 2T,, 
= 2 x 500 = 1,000 =1 us. 

) T3 = Memory Read / Write Time = 2x To = 2 x 500 ns = lus. 


4.2 Display Menory Write Timing: In the SRAM data sheet, use the Write Cycle (1) timing diagram. 
The comparision of the HM6116ALP-12 parameters and the Hitachi HD61830B memory write ene, is 





listed below: | | 

PARAMETERS Symbol = HM6116ALP HD61830B units 2 
4.2.1. Write Cycle Time tre 120(Min.) 1000 ns 
4.2.2 /CS To Write End tow 70(Min.) 600-0 ns 
4.2.3 WriteRecovery Time typ O(Min.) 350 ons 
4.2.4 Write Pulse Width tp 70(Min) 150 ns 
4.2.5 DataToWrite Overlap _— ty, 35(Min) 150 ns 

4.2.6 Data hold From Write Time t,,, O(Min) 10 ns — 
4.2.7 Address Setup Time GC. O(Min) 350 ns 
4.2.8 Address Valid To Write End tyy 105(Min) = 450 ons 
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3.0 MPU READ / WRITE TIMING : 

This section describes the various H8 / 532 Evaluation Board and the HD61830B Hitachi LCD Controller 
specifications and arrives at the design trade-offs. Refer to the timing diagrams in the HD61830B and the © 
H8 / 532 single chip MPU data sheets for more details. 


PARAMETERS Symbol H8 / 532 EVAL. HD61830B UNITS 


BOARD 
3.1 "E" Clock Cycle Time i 800 * | 1000 (Min.) ns 
3.2 "E" High Pulse Width toaH 370 * 450 (Min.) _ns 
3.3. "E" Low Pulse Width tare 370 * 450 (Min.) m 
3.4 Address Hold time ty 20 10 (Min.) ns 
(3.5 Address Setup Time ty, 180 140 (Min.) ns 
3.6 | Write Data Hold Time a 30 10 (Min.) ns 
3.7 | Write Data Setup Time an 440 | 225 (Min.) _ ns 
3.8 Read Data Hold Time _ a 0 (Min.) 20 ns 
3.9 Read Data Setup Time Ci 40(Min.) . 225 ns 


NOTE : 


* Timing specifications of the HD61830B are violated . 


Problem: The H8 / 532 Evaluation Board running with 20 MHz crystal produces a 10 MHZ "PHI" 
clock. It is further divide: '~wn and results in 1.25 MHz" E" clock with 50% duty cycle. 


Solution ; Run the H8 / 532 Evaluation Board with a 16 MHz crystal. This results in 1 MHz " E " clock. 
In this manner, by: slowing down the " PHI " clock, the problem mentioned above is resolved. This i is the 
reason for installing the 16 MHz crystal on the H8 /532 Evaluation Board. 
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| HD61830B / LM200 SOFTWARE DEVELOPMENT STATION 
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*NOTE : 1.0 8 MHZ OSC. DIVIDED DOWN. 
2.0 SET "Ji" JUMPER TO "C-2" POSITION. 


BLOCK DIAGRAM 
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2.0 DESIGN OVERVIEW : (CNTD.) 


2.5, Software Tools : The laptop PC resident software development tools, packages, and utilities are 
described very breifly. 


H8 / 532 Cross Assembler : It is designed for DOS environment inside the laptop Personal Computer. 
When the user program is submitted as the source file, it assembles the code. Consequently, it produces 
Object and List files of the source program. The list files with " *.LIS " extentions are reproduced in the 
appendices for the programs developed on the software work station. 


H8/ 532 Linker : To link various object code segments (" *.OBJ " extention) developed in parallel for a 
larger program. The linked file has " *.ABS " extention. 


Motorola " § " record Conversion Utility : It is used to convert the machine code into Motorola " S " 
record format for uploading it to the H8 / 532 Evaluation Board. The converted file has " *.MOT " 
extention. 


Up Loading Of Laptop PC "S" Record file : Push " EDIT SHIFT " Key down. Depress the "PG UP " 
key when using " PROCOMM " package for communications. Also, select ASCII format. 


Screen Editor : Any word processing package is acceptable. In this application, Microsoft "WORD" 
package is used. The source programs are created and edited with this package. The source program 
files have " *.SRC " extentions. 


File Management Utilities : To help aid the program development, packages such as " XTREE ", 
or " TREE86 " may also be used. 


Back -Up Utility : It is a good practice to back up program files. Such packages as " FASTBACK ", OR 
" FASTBACK PLUS " can also be used. 


The software development station block diagram is shown on the next page. 
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2.0 DESIGN OVERVIEW : 


The LCD display subsystem components such as H8 / 532 Evaluation Board, LM200 display, LCD 
Interface Board, Hitachi Laptop Computer, and the related software are described in this section. At the 
end, a subsystem block diagram is also presented. For the HD61830B LCD Controller, and the LM200 
LCD panel data sheets, as well as other related documentation refer, to the Appendix "C". 


2.1 H8/532 Evaluation Board : This board was designed by Hitachi Micro Systems. It is provided as a 
training and development tool. On-board EPROM contains the Hitachi Monitor firmware used for single 
line assembly, disassembly, line editing, and debug purposes. Of the two serial ports, only the Terminal 
port is used to down load, up load, and run the programs. The I/O extention connectors "J1" and "J2" are 
used to connect to the LCD Interface Board. The partially decoded extented I/O space is further decoded 
on the LCD Interface Board. This board is designed to run at 10MHz and uses a 20 MHz crystal for that 
purpose. However, i in this application a 16 MHz crystal is used to provide LMHz "E" clock to the © 
LCD Controller HD61830B. All the jumpers on this board are set at the factory according to their 
default States. 


2.2 LM200 LCD Panel display : This display is provided by the Hitachi ELT Division. It is capable 
of displaying alpha-numeric characters as well as the graphics data. It is 240 dots wide and 64 dots high. 
It has 1 /32 duty cycle. The serial data is clocked in at 5OOKHz. It runs from +5V, and -5V power 
supply. The customer has to solder the pins on LM200 for the appropriate connector used on the LCD 
Interface Board. The LM200 LCD panel mounting and the proper viewing angles are critical to a strain 
free LCD display. Please, handle the panels according to the care recommended by the LCD display 
-manufacturer. The logic signals sent to the LCD panel are at CMOS levels. External Pome: supply was 
used for the LCD panel. 


2.3 LCD Interface Board : A wire wrap board was built to control the LCD panel LM200. It also 
exchanged data with the H8/532 Evaluation Board over the I/O extention cables "J1" and "J2". The 
Hitachi LCD controller HD61830B was used on the LCD Interface Board. A 4,096 byte display buffer 
memory was also designed to store the character or graphics data. The 500KHz dot clock required by the 
display was also provided on this board. The LM200 LCD panel contrast adjust potentiometer was also — 
put on this board. Set the jumper "J10" on this board to the "C-2" position. Test connectors were also 
provided to help debug this board. , 


_ 2.4 Hitachi Laptop Personal Computer "HL320" : It is connected to the serial terminal port of the 
H8/532 Evaluation Board. The connector RJ-12 is attached to the Terminal port while a male to female 
25 pin adapter cable is required at the Laptop PC end. The Hitachi "HL320" PC provides the software 
development tools for the user programs. The program up load and down load capability is also provided 
by the laptop PC. The communication link is full duplex, 9600 baud, 8 bits, 1 stop bit, and no parity 
check. 
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1.0 INTRODUCTION : 


This section describes the design goals, LCD display subsystem with its components, provides a general 
overview of this presentation, along with a software development station block diagram, and the organi- 
zation of the other sections in this document. 


The design goals established for this project are briefly listed below: 


1.1 To use H8/532 Evaluation Board with Monitor Software. 
1.2 To provide LCD display with LM200 panel from Hitachi. 
1.2 Alpha-Numeric and Graphic display capability. 
1.4 To design Interface Board for the LM200 LCD panel. 
1.5 To write programs for debug and test. | 
1.6 To Use Hitachi Laptop Personal Computer "HL320". 
1.7 To use readily available software at Hitachi Field Offices for development. 
1.8 To build multiple HD61830B programming stations. | 
1.9 To generate HD61830B /LM200 panel design tutorial. 


A brief description of the LCD display subsystem components listed above is provided in the next section 
as general overview. To complete the overview, a subsystem block diagram is also presented. The rest 
of the sections described in the Table Of Contents are expanded in greater details along with their techni- 
cal data. The Appendices give the program listings, and also list the referenced literature. A copy of the 
LCD Interface Board schematic is also provided to illustrate the implementation details of this applica- 
tion. | 


Section H ITACHI . 
110 4 Hitachi America, Ltd. * San Francisco Center * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 * (415) 589-8300 











1.0 
2.0 
3.0 
40 
5.0 
6.0 
7.0 


8.0 


Hitachi America, Ltd. « 


TABLE OF CONTENTS 


TOPICS 


San Francisco Center * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « 


PAGE 

TINT OD CIN eee esa ae tee ee 110 
DESIGN OVERVIEW essere ee 11 
MPU READ / WRITE TIMING | -------------2-------------0-e-nsoeeceoeneeeseeenenees 114 
DISPLAY MEMORY TIMING — ~-----------------0-----eenecoeceecee nonce ceeeeeeneeees 115 
LM200 LCD PANEL CRITERIA ----------------------------------- 7-2 nnn nn nn nn nn nn nnn nn nne 117 
LCD INTERFACE BOARD SCHEMATIC 9 wweewww--nnnnveneeennnneneeneeeeneeeeees 119 
SOFTWARE: 9. ss@ecssi Strat Seer eae 121 
SPAN IGE S sss sce eae ak se Se, 2 1G 
APPENDIX "A" = CHR-BCS.LIS = -n-=-esoesnssneeccecsensccsonsossecsossensenseees 126 

_ - (CHARACTER MODE - FOUR BYTE DISPLAY) | | 
APPENDIX "B" - GRA-BCS.LIS -w-n----no-ee-eeeeeoeeeeceeeeceeeeceeceeeceeeoees 133 
| - (GRAPHICS MODE - FOUR BYTE DISPLAY) 
APPENDIX "C" —-- REFERENCE LITERATURE 0 wereveenneenveneeeeeeeeeeeeeeees 140 

HITACHI Section 


(415) 589-8300 4 109 


SECTION 








Section 
108 4 








HITACHI | 


Hitachi America, Ltd. * San Francisco Center * 2000 Sierra Point Pkwy.* Brisbane, CA 94005-1819 « (415) 589-8300 





| 7 May, 1990 


-HD61830B / LM200 


Panel Design 
TUTORIAL 


This tutorial presents in depth design process for a LCD 
subsystem. Itsmajor components include H8/532 Evaluation 
boardas the local processor, LCD Controller HD61830B, and 
the display panel LM200 from Hitachi ELT Division. 


The HD61830B controller is designed to run in the character 
or graphics mode. The H8/532 Evaluation Board is designed 
by Hitachi Microsystems. The LM200LCD panel can display 
240 Dots(W) by 64 Dots(H) character or graphics data. 
Hitachi Monitor firmware resident on the H8/532 Evaluation 
Board provides the program debugging and host computer 
communication facilities. 


By adding a laptop computer to down load the programs to the 
Evaluation Board, a program development station can be 
readily built. The H8/532 Cross Assembler, Linker, any word 
processor package e.g. "WORD" as screen editor, and 
Motorola "S" record conversion utility inside the Hitachi 
laptop PC complete the software development environment. 
The "PROCOMM" communication package is used to facili- 
tate down load or up load of programs to the H8/532 Evalu- 
ation board. 


In this manner, a number of software devciopatent stations 


were built to debug HD61830B /LM200 display programs. 


a Yajnik 


These programs are listed inthe Appendices "A" and"B", No 
effort is spent in either code or logic minimization. 


This tutorial is intended for the technical staff at customer 
sites and other Hitachi employees whoare fairly familiar with 
LCD design guide lines. Therefore, basic LCD design — 


_ principles are not covered. 


The HD61830B LCD Controller design tutorial includes 
Introduction, Design Overview, MPU Read/ Write Timing, 
Display Memory Timing, LM200 Panel Criteria, LCD Inter- 
face Board Schematic, and the associated Software. 


While a lot of programs were developed, only two are listed 
as examples in their respective Appendices. The Appendix 
"A" shows the listing of the Character Mode display while the 
Appendix "B" shows the Graphics Mode listing. The Appen- 


— dix "C" covers the reference literature. 


Only the details not available in the reference literature are 
explained at greater length in this article. The page 2 shows 
the Table of Contents. _ 


Refer to the susequent pages for more details of this design. 
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The literature and other documents used in this design are summarized below : 


H8/532 Cross Assembler Manual #SO85CPC and " C '" compiler for IBM PC 

H8/532 Evaluation Board User's Manual # US538EVB21H 

H8/532 Software User's Manual # HSS38EMSS1E 

MS " WORD " User Manual and other reference manuals 

" PROCOMM " User Manual and other reference manuals 

LCD Data Book #M24T013 from Hitachi America Ltd. 

Memory Data Books from Hitachi America Ltd. 

Hitachi Graphic Module Catalog # XX-E139 from ELT Division 

H8/532 Hardware User's Manual #M21T002 from Hitachi America, Ltd. 
~H8/S00 Programming Manual #M21T001 from Hitachi America, Ltd. 

H8/500 Software Application Note #M21T003 from Hitachi America, Ltd. 

H8/532 Overview #M21T173 from Hitachi America, Ltd. | 

Hitachi Laptop Personal Computer HL320 - Operator Manual 

Hitachi Laptop Personal Computer HL320 - MSDOS V3.2 User's Manual 

Hitachi HD61830B /LM200 Panel Design Tutorial Part I (in this manual) 


eooo0o 0000000000 0 
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REFERENCE LITERATURE 
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CHARACTER GENERATOR EPROM HN27C256AC-15 | 


ADDRESS DATA CHARACTER 
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CHARACTER GENERATOR EPROM HN27C256AG- 15 


ADDRESS DATA CHARACTER 
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CHARACTER GENERATOR EPROM HN27C256AG-15 


ADDRESS DATA CHARACTER 
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TUTORIAL - PART I 





CHARACTER GENERATOR EPROM HN27C256AG- 15 


ADDRESS DATA CHARACTER 
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APPENDIX " B " 


1.0 EPROM FONT DATA 
2.0 ADDRESS RANGE - " 000H - 3FFH " 


3.0 PROGRAM DESCRIPTION - CUSTOM CHARACTER FONT PATTERN LISTING 
FOR "Ke "A" os "HH"; AND "BLANK". 


4.0 CHECK SUM - 7F3CAD 
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HD61830B /LM200 DESIGN. CUSTOM CHARACTER GENERATION 


172 CHR 
173 CHR 
174 CHR 
178 
178 CHR 
177 CHR 
i 
179 CHR 
; SLEEP 
18 
181 


“TOTAL ERRORS 0 
"TOTAL WARNINGS 0 
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C StAl 1S7FF10003 MOVTPE RS.@H7FFi 0H TO 7FFI 

C 81A6 5130 MOVE OID AI LOAD Ft WDD ISPAON 

C 81A8 157FF00091 MOVTPE ALLQ@H7FFO 20H 10 7FFO 

C 81AD 00 NOP | 

C 81AE 00 NOP 

CEIAFIA SLEEP ; PROCESSOR 18/532 

END 

z 
2 
- 
O 
Li 
77) 
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HD61830B /LM200 DESIGN - CUSTOM CHARACTER GENERATION 


11§ CHR 
116 CHR 
117 CHR 
118 CHR 
119 CHA 
120 CHR 
121 CHR 
122 CHR 
123 CHA 
124 CHR 
13 CHR 
128 CHR 
127 CHR 
128 CHR 
129 CHR 
190 CHR 
131 CHR 
122 CHR 
133 CHR 
134 CHR 
138 CHR 
138 CHR 
137. CHR 
138 CHR 
199 CHR 
140 CHR 
141 CHR 
142 CHR 
143 CHR 
144 CHR 
148 CHR 
146 CHR 
147 CHR 
148 CHR 
149 CHR 
180 CHR 
151 CAR 
1$2 CHR 
183 CHR 
154 CHR 
156 CHR 
158 CHR 
187 CAR 
188 CHR 
188 CHR 
1GGR 
161 CHR 
1a CHR 
1sGR 
164 CHR 
166 CHR 
108 CAR 
167 CAR 
1@ GR 
1 CHR 
IRGR 
17 CAR 


C 810A ACF? 
C 8100 26F7 
C 810E 09 
C 810F 00 
C 811000 
C 8111 00 
C 81120 


C8113 SOOA 


© 8115 1S7FF 10090 
C a11A SOF 

C 8116 1S7FFO0U1 
C 8121 00 

C 8122 1S7FF 10084 
C 8127 ACF? 

C 8129 26F7 

C 8128.0 
C8120 5008» 

C 812E 1S7FF 10090 
C 0133 1S7FF00082 
C 8198 00 

C 8190 1S7FF10086 
C 8196 ACKT 

C 8140 2867 

C 8142 00 

C 8149 5006 

C 8145 157FF 10090 
C 814a 5148 

C 8146 1S7FFOOOS1 
C 818100 

C 8182 1S7FF 10084 
C 8187 ACE? 

C 8180 207 
C8188 00 

C 8180 1S7FFI0000 
C e161 Stat 

C 8163 1S7FFOOIG 
C 816800 

C 8100 1S7FFi0084 
C S16E ACF? 

C 8170 2887 

C 817200 

C 8173 1STFFICORO 
91785189 

C 817A 167FFOO081 
C817 00 

C 8160 1STFFO0NS 
C 8188 ACE? 

C 8167 27 

C 818900 

C 818A 1S7FFI0080 
C s1aF S148 

C 8191 1S7FFOCOn 
C 8198.00 

C 8197 1S7FF 10008 
C 8190 ACF? 

C 8106 27 
814000 


BTST 
BNE 
NOP 
NOP 
NOP 
NOP 
MOVE 
MOVTPE 
Move 
MOVTPE 
NOP 
Xs: MOVFPE 
BTST 
BNE 
NOP 
MOVE 
MOVTPE 
MOVTPE 
NOP 
x9: MOVFPE 
aTST 
BNE 
NOP 
MOVE 
MOVTPE 
MOVE 
MOVIPE 
NOP 
X10: MOVFPE 
eTSsT 
BNE 
NOP 5 
MOVTPE 
Move 
MOVPE 
NOP : 
X11: MOVFPE 
aTsT 
| BNE 
NOP Ot 
MOVIPE 
MOVE 
MOVTPE 
NOP 
X12 MOVEPE 
gTST 
BNE 
NOP 
MOVIPE 
MOVE 
— MOVIPE 
NOP 
X1%  MOVEPE 
eTST 
BNE 
Nor 


HITACHI 


74 
X7 


; INITIALIZATION END 


mTARO 
RO.Q@H FF! 
fF Al 
R1,@H7FFO 


QH7TFFI,R4 
874 


RO.QHTFFI 
R2.@HTFFO 


OHTFFI.AA 
774 


HCO 
RO, QHTFF! 
o48,R1 
RI, @H7FFO 


OHTFF1 4 
874 
X10 


RO, QHTFFI 
41,R1 


RIL QUTFFO 


OHTFF 4 
74 
X11 


RI, @H7FFO 


@rrrri 
o7F4 
x12 


mea.Ri 
RI. @UTFFO 


QHTFFI,.Rs 
e774 
X13 


BIT TEST #7 OF Re 


F BRAG a2! GO TO X7 
S/APLAG NOT SET 


‘POnAH 
AH TO 7FFi 
RiaFH 
FH TO 7FFO 


‘READ 7FF1 DATA TO As 
BIT TEST 87 OF Re 

AF BFLAG alu! GO TO x8 
B/FLAG NOT SET 
P0=8H 

BH TO 7FFI 

0H TO 7FFO 


FREAD 7FF1 DATA TO Re 
SIT TEST 87 OF Ra 

IF BFLAG oZe1 GO TO 9 
BALAG NOT SET 

POsCH 

CH TO 7FF1 

Fil ofBaCODE FOR ‘K” 
48 TO 7FFO 


READ 7FF1 DATA TO 6 
‘BIT TEST 87 OF Ra 

IF BRAG oda! GO TO X10 
B/FLAG NOT SET 
CH TO 7FFI 

Al ad 1 eCOOE FOR °A" 

41 TO 7FFO 


EAD TFFI DATA TO Aé 
OT TEST 87 OF Fs 

fF RFLAG ale! GO TO X11 
S/FLAG NOT SET 
CH TO 7FF1 
fi1a8S-CODE FOR “S* 
4310 FO 


FEAD TFF1 OATA TO Pb 
BIT TEST 87 OF Ra 
SF BFLAG alZat GO TO X12 


- BAPAG NOT SET 


CH TO TFFI 
ftiat@nCODE FOR ‘H” 
46 TO 7FFO 


PEAD 7FF1 DATA TO RA 
SIT TEST 87 OF Rb 


$F OFUAG ale! GO TO XI9 


BIG NOT SET 
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TUTORIAL - PART It 








S8CHA © 807A 1S7FFODGSI 





MOVTPE RI @HT7FFO £H TO 7FFO 

SOCHR C87F 00 NOP | 

GOCHR C8080 1S7FFI0084 «= XS: «Ss MO QHTFF! As EAD 7FF1 OATA TO Aa 

61 CHA C8086 ACF7 BTST 67.4 BIT TEST #7 OF Ra 

62CHR C8087 26F7 BNE xs HF B/FLAG =Z2! GO TO XS 

69CHR 8089.00 Nop BFLAG NOT SET 

64CHR CC 808A 5008 MOVE s48,R0 ‘A0=sH 

6SCHR C 808C 1S7FF 10000 MOVTPE RO.QH7FF! CH TO FFI 

@6 CHA C 8001 157FFO00G2 MOVTPE R2,QHT7FFO 0H TO 7FFO 

67CHR C8096 00 NOP : 

68CHR C8097 157FF10084 x8: «= MOVFPE @HTFFI,Aé ‘READ 7FF1 DATA TO Ré 

69CHR C8000 ACF? BTST 87.4 BIT TEST 87 OF Ra 

TOCHR C 800E 28F7 BNE x8 F BELG =2Zs1 GO TO XS 

CHR ¢ 80A0 00 NOP _ BAPLAG NOT SET 

72CHR BOA! 5009 ‘MOVE #19,R0 LOAD ROnGH 

PACHA CC 80A3 157FF 10000 MOVTPE RO.QH7FFI SH TO 7FFI 

MACHR C 80A8 157FFO00G MOVTPE R2,@HTFFO 0H TO 7FFO 

7SCHR = C80AD 00 NOP 

| ; SCREEN CLEAR ROUTINE START 

= | | 

TECHR §=C BOAE ADI CLAW Rs : CLEAR RS 

"CHA 6Ca0eOCO Nop | 

SOCHR C80B11S7FFI0084 = C1: «Ss MOVFPE QHTFF1.As EAD TFF1 DATA TO Ra 

S1CHR C8086 ACF7 BTST 87/4 SIT TEST 87 OF Ra 

G2CHR C8088 26F7 BNE C1 F BFLAG aZat GO TO C1 

SCHR  C SOBA CO NOP B/PLAG NOT SET 

S4CHR € 80BB SO0A MOVE oHARO a ™ 

8SCHR C8080 1S7FFI0080 MOVTPE RO, QHTFF! AH TO 7FFY fo) 

SS CHA ¢.80C2 5100 MOVE aHTO.R ited | 5 

87CHA CC 80C4 157FFOCON1 MOVTPE R1.@HTFFO 0H TO 7FFO-CUR LBe0H HY 

sSCHR ¢ 80C9.00 NOP | 7 

S9CHR CROCAISTFFIOQM «86 C2—s MOVFPE QHTFFI.AA READ TFPI DATA TO Aé 

QOCHR C S0CF ACF7 BTST “7.4 BIT TEST 87 OF Ra 

91 CHR C6001 2867 BNE C2 iF BFLAG ale! GO TOC2 

S2CHR 800300 Nop S/FUG NOT SET 

SSCHA C8004 S008 MOVE ORO P0a8H 

CHR C0008 157FF10000 MOVTPE ROQHTFF( BH TO FF! 

9S CHR C8008 5100 MOVE oO, PiedH 

QS CHR C8000 167FFOCO MOVTPS RIL@H7FFO 0H TO TFFO-CUR H/8=0H 

97CHR «= C 80E2 00 NOP 

CHR CES SDOIFF MOV4 AFF RS COUNT ain 1 FFH 

 $OCHR = C 8ES OO c& NOP . 

10OCHR C SOE? 1S7FFI008s C4; MOVFPE GHTFF\ Fu EAD 7FF1 DATA TO Ré 

101 CHR «= C SUES ACE? BTST 874 BIT TEST 87 OF Ra 

10@QCHR C S0EE 2F7 BNE io F BFLAG adel GO TOCA 

103CHR ¢ 80F000 noe SIG NOT SET 

106CHR  C 80F1 SO0C : MOVE sH#CPO F0aCH | 

106 CHR C OOF3 1S7FFIO0N0 MOVTPE RO.QHTFF! CHTO TF 

106@CHR + C80FRS1D MOVE MARI RieHaCODE FOR SLAC 

107 CHR = C SOFA 1S7FFOOOS MOVTPE Rl @H7FFO 20H TO 7FFO 

108 CHR C SOFF 00 NOP 

10OCHR «C8100 CIBDES SCOF R6,C3 

110CHR = C 810300 NOP 

111 ; SCREEN CLEAR ROUTINE COMPLETED 

12CHR 6 810400 NOP 

1300 \ | 

116CHR C8108 1S7FF 10084 X% = MOVFPE GUTFFi 4 RAD 7FF1 DATA TO 6 

HITACHI | . Section 
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LS Sasa SSS nnsnsesssssssnnenenese 
SaaS SSS ss sean 


Section 


96 & 


! 
! 


TUTORIAL - PART II 


C 0000 


C 8000 


C  (o00e0a9 
C 8000 A013 
C 8002 A113 
C 8004 A213 
C 8006 A313 
C 8008 A413 


C 800A 00 

C 8008 00 

C 800C 00 

C 8000 00 

C 800E 00 

C 800F 1S7FF10000 
Casio 
C 8016 1S7FFO0Os! 
C8018 00 

C OIC 1S7FF 10084 
C 0021 ACF7 

C 8023 26F7 

et De 

CG 8028 6001 

C 8028 157FF 10000 


_ ©8020 SiF7 


C 80aF 1S7FFOCOS1 
C 8034 00 

C 6085 157FF 10086 
C OQ ACF7 

C 0SC 2F7 

C SSE 00 

C aOeF S002 

C 0041 1S7FF 10080 
C 0046 $110 

C 6068 1S 7FFO00S1 
C 8040 00 


" C60eG 187FF 10086 


C 8083 ACF? 
CONS 277 
C0087 00 

C 0058 0s 

C 805A 167FF 10080 
C SO8F 611F 

C 6081 167FFO0GN 
como 

C 6087 1S7FF 10006 
C aac ACF? 

C S088 28F7 
COO 

C aO7! 5006 

C 8073 1S7FF 10080 
C 0078 S108 





HEADING *XCG° 
SECTION CHA.CODE.ALIGNa2 
EXPORT A 
ORG Hreode 
A: EQU $ 
ARB RO 
QRB8 Ri 
CAB R2 
GARB R3 
CAB 7] 
NOP 
NoP ; INITIATION START 
NoP 
NOP ; EXTERNAL CG ENABLED 
NOP 
MOVTPE RO.QHTFF! 
MOVE anoRi 
 MOVTPE RI @H7FFO 
NOP 
XI: MOVFPE GHTFFI.As 
BTST 74 
BNE x1 
Nop 
MOVE 1,70 
MOVTPE RO.QHTFF! 
MOVE oF7 Ri 
MOVIPE RI. @H7FFO 
NOP 
X=  MOVPPE OHTFFI,R4 
- gTst. 07. 
SNE x2 
NOP 
MOVE 2.70 
MOVTPE RO.QHTFF! 
MOVE anodAi 
MOVIPE RIL@H7FFO 
Nop | 
xz 4 = MOVPPE OHTFFI.RA 
aTsT e774 
ONE bs | 
Nop 
MOVE @F3.PO 
- MOVTPE RO.QUTF! 
MOVE anéRi 
MOVTPE R1.@N7FPO 
Nor a 
%: MOVEPE OUTFFI AA 
BTST 87.4 
ONE u 
nop . 
MOVE 4,F0 
MOVTPE RO.QHTFFI 
MOVE HER 
HITACHI 


0H TO 7FFI 
LOAD Ri =10H 
10H TO 7FFO 


FREAD 7FF1 DATA TO Rs 
BIT TEST 87 OF Ra 

MF BFLAG aZat GO TO X! 
S/FUAG NOT SET 

LOAD Ride! 

14 TO 7FFI 

LOAD Ria 7H 
7H TO 7FFO 


READ 7FF1 DATA TOR 
BIT TEST 87 OF Re 

F BFAG ede1 GO TO 
BFILAG NOT SET 

LOAD ROnZH 

2H TO FFI 

LOAD R1eiDH 
10H TO 7FFO 


EAD 7FF1 DATA TO Ra 


| SIT TEST 7OF Re 


SF RFU adai GO TOXS 
BFUAG NOT SET 

LOAD ROnSH 

2H TO TFFI 

LOAD Rial FH 
FH TO FF 


SEAD TFFI DATA TO 
SIT TEST 87 OF Re 

F BUG alat GO TOM 
BFUG NOT SET 

LOAD RO=tH 

4H TO TFPI 
LOAD Fil GH 


RE EL OR ENC WS NOC AE, RE ORC TA Ne SE A EEO ae ES SPORES Ee NEES ea EES ee NO eS RFE eae EE 
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APPENDIX "A " 


1.0 PROGRAM NAME - " XCG.MOT " 


2.0 ADDRESS RANGE - " 8000H - 81AFH " 


SECTION 





3.0 PROGRAM DESCRIPTION - CLEARS SCREEN, CHECKS BUSY FLAG, AND DIS- 
| PLAYS 4 CUSTOM CHARACTERS ON THE LCD 
LM200 PANEL STARTING AT THE 8TH CURSOR | 


POSITION. 
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Application Note H8/ 330 
Listing 3; INPUT. LIS 


#** H8/300 ASSEMBLER VER 1.1 *** 03/20/91 08:11:34 PAGE 1 








PROGRAM NAME = Date Input Routine 
1 eheading “Date Input Routine” 
2 
3 3H8/330 Print Buffer Routine 
4 sversion 2.0 
5 
6 swritten by: 
7 ; Tom Hampton 
8 2 Hitachi America, Ltd. 
9 ; Application Engineering 
10 
248 output dbg, obj 
249 -print nocref, nosct 
250 : 
251 «global . dnput_int 
252 
253 program C 0000 section program, code 
254 
255 ;Input /STB Interrupt Routine 
256 
257 program cC 0000 input_int: 
258 program C 0000 7FB27040 bset.b #ibusy bit, @in_hs zset input busy signal 
259 
260 sget input data 
261 program C 0004 get_data: 
262 program C 0004 20BE mov.b @in_port,r0h :read data 
263 
264 zwrite data into memory buffer 
265 program cC 0006 FSFF mov.b #write,r0l 
266 program C 0008 38B1 mov.b r01,@mem_dir jset port direction for write A 
267 program C 000A 30B3 mov.b r0h,@mem_data ;set data , 
268 program C 000C 3DB6 mov.b r51,@addr_lo 
269 program C 000E 35BF mov.b r5h,@addr_hi ;output buffer address 
270 program cC 0010 4B04 bmi wr_cs] 
271 program C 0012 wr_cs0: 
272 program C 0012 F802 mov.b #wrcs0,r0l swrite to U3 
273 program C 0014 4002 bra wr_cont 
274 program C 0016 wr_csl: 
275 program cC 0026 F801 mov.b #wrcesl,r0l iwrite to U4 
276 program C 0018 wr_cont: 
277 program C 0018 38BA mov.b r01,@mem_ctrl sactivate write pulse 
278 program C 001A F807 mov.-b #7,r01 
279 program cC 001C 38BA mov.b r01,@mem_ctrl ;de-activate write pulse 
280 program C 0018 0BO0S adds #1,r5 zincrement input pointer 
281 
282 stest for buffer full 
283 program C 0020 0DS3 mov.w r5,xr3 
284 program C 0022 1963 sub.w r6,r3 sis IDP = ODP ? 
285 program C 0024 4708 beq buff full yes z 
286 ; O 
287 sbuffer is not full, but cannot be empty either = 
288 program C 0026 720C belr.b #buf_mt_flag,r41 iClear buffer empty flag © 
289 program C 0028 7FB27240 belr.b #ibusy bit,@in hs ;clear IBUSY signal Lu 
290 program C 002C 4006 bra clean_ret ” 
291 
292 program C 002E buff_full: 
293 program C 002E 701C bset.b #buf fl flag,r4l ;set buffer full flag 
294 ; IBUSY remains set 
295 program C 0030 7FB27220 belr.b #buf_ful_bit,@stat_port ;turn Buffer Full LED ON 
296 
297 zsreset input delay timer 
298 program C 0034 clean_ret: 
299 program C 0034 79000000 mov.w #0,r0 
300 program C 0038 6B80FF92 mov.w r0,@frt_fre reset delay timer 
301 
302 zenable delay timer interrupts 
303 program C 003C 7F917230 belr.b #3,@frt_tcsr zClear compare flag 
304 
305 program C 0040 5670 rte 
306 
307 end 
*****4TOTAL ERRORS 0 
aae*eTOTAL WARNINGS 0 
& 
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*** H8/300 ASSEMBLER VER 1.1 *** 03/20/91 08:11:43 PAGE 1- 


PROGRAM NAME = Data Output Routine ‘ 
1 heading “Data Output Routine” 
2 
3 #H8/330 Print Buffer Routine 
4 sversion 2.0 
5 
6 swritten by: 
7 3 Tom Hampton 
8 ; Hitachi America, Ltd. 
9 é Application Engineering 
t0 
248 output dbg, ob} 
249 : -print nocref, nosct 
250 
251 -global output _int 
252 
253 program c 0000 ‘ - section program, code 
254 
255 :Data Output Service 
256 zinput delay timer interrupt 
257 
258 program C 0000 output_int: 
259 program cC 0000 7FB27040 bset.b #ibusy_bit,@in_hs zset input busy signal 
260 : 
261 stest for buffer empty 
262 program cC 0004 730C btst.b #buf_mt flag,r4l1 zis buffer empty ? 
263 program C 0006 464E . bne retl yes 
264 
265° stest for output busy 
266 program C 0008 7EB77300 btst.b #obusy_ bit, @out_hs soutput busy ? 
267 program C 000C 4648 bne retl zsyes 
268 
269 ztest for output hold 
270’ program C 000E 733C btst.b #ohold_ flag, r41 soutput on hold ? 
271 program cC 0010 4644 bne retl yes 
272 
273 sget output buffer data 
274 program cC 0012 F800 mov.b #read,r0l 
275 program C 0014 38Bl : mov-b _r01,@mem_dir ;set port direction for read 
276 
277 program cC 0016 3EB6 mov.b r61,@addr_lo 
278 program C 0018 36BF mov.b x6h, @addr_hi soutput buffer address 
279 program cC OO1A 4B04 bmi rd_csl 
280 program cC 001¢ ra_cs0: 
281 program C 001C F806 mov.b #rdcs0,r01 zread from U3 
282 program C 001EB 4002 bra rd_cont 
283 program C 0020 rd_csl: i 
284 program ¢ 0020 F805 mov.b #rdcesi,r0l tread from U4 
285 program C 0022 rd_cont: 
286 program C 0022 38BA mov.b r01,@mem_ctrl sactivate chip select pulse 
287 program C 0024 20B3 mov.b @mem_data,r0h ;get output data 
288 program C 0026 F807 mov.b #7,r01 
289 program C 0028 38BA | mov.b r0l,@mem_ctrl ;:de-activate write pulse 
290 program C 002A 0BO06 adds #1,r6  ;increment output pointer 
291 : 
292 _ goutput data to port 
293 program C 002C 30BB mov.b r0h,@out_port soutput data 
294 
295 igenerate output data strobe 
296 program C 002E F800 mov.b #0,r01 
297 program cC 0030 38CC , mov.b r0l,@tmrO_tcnt ;clear counter 
298 program C 0032 28C3 mov.b @tmr0_tcsr,r0l ;read flags 
299 program C 0034 F816 mov.b #h’16,r01 
300 program C 0036 38C9 mov.b xr0l1,@tmr0_tcsr ;generate a negative strobe 
301 :; 2.4 usec wide and clear flags 
302 program C 0038 F841 mov.b #h’4i,r01 
303 program C 003A 38Cé mov.b r0l,@tmr0_tcr ;:enable compare A interrupt 
304 
305 ; senable interrupts for strobe generation 
306 program cC 003C 0700 ldc #0,ccr senable interrupts 
307 
308 swait for output strobe interrupt 
309 program C 003E 0180 sleep 
310 
311 :disable interrupts 
312 program C 0040 0780 idc #h'80,ccr smask interrupts 
313 
314 stest for buffer empty 
315 program cC 0042 0D63 mov.wW r6,r3 stemporary work register 


316 program C 0044 1953 sub.w r5,x3 sis ODP = IDP ? 


Section . HITACHI 
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Listing 4: OUTPUT. LIS (continued) 





317 program ¢ 0046 470C | beq buff_mt ;yes 

318 : 
*** H8/300 ASSEMBLER VER 1.1 *** 03/20/91 08:11:43 PAGE 2 
PROGRAM NAME = Data Output Routine 

319 ztest for in full area 

320 program C 0048 084B add.b = or4h, 731 tis buffer still full ? 

321 program C 004A 4516 bcs ret2 yes 

322 

323 program C 004¢C 721C belr.b #buf_fl_flag,r4l ;clear buffer full flag 

324 program C 004E 7FB27020 bset.b #buf_ful_bit,@stat_port ;turn Buffer Full LED OFF 

325 program C 0052 4002 bra reti 

326 

327 ;set buffer empty flag 

328 program C 0054 . buff mt: 

329 program C 0054 700C bset.b #buf_mt_flag,r4l sset buffer empty flag 

330 

331 :should IBUSY be cleared ? 

332 program cC 0056 retl: 

333 program cC 0056 734C btst.b #online_flag,r4l sis buffer online ? 

334 program C 0058 4708 beq ret2 zno 

335 

336 program C 005A 731C btst.b #buf fl flag,r4l sis buffer full 2 

337 program C 00S5C 4604 bne ret2 yes 

338 

339 :clear IBUSY signal 

340 program C 00SE 7FB27240 belr.b #ibusy bit, @in_hs ;set IBUSY inactive 

341 

342 program C 0062 ret2: 

343 program C 0062 79000000 mOV.W #0,r0 

344 program C 0066 6B80FF92 mov.w r0,@frt_fre sxeset delay timer 

345 

346 zenable delay timer interrupts 

347 program C 006A 7F917230 belr.b #3,@frt_tcsr sclear compare flag 

348 

349 program C 006E 5670 rte 

350 

351 end 

*s****TOTAL ERRORS 0 

*****TOTAL WARNINGS 0 


SECTION 
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Listing 5: OUT-STB.LIS 








a#** H8/300 ASSEMBLER VER 1.1 *** 03/20/91 08:11:54 PAGE 1 
PROGRAM NAME = Output STB Routine 

1 heading “Output STB Routine” 

2 

3 #H8/330 Print Buffer Routine 

4 zversion 2.0 

5 é 

6 swritten by: 

7 ; Tom Hampton 

8 ; Hitachi America, Ltd. 

9 : Application Engineering 

10 
248 -output dbg, obj 
249 »print nocref, nosct 
250 
251 - global ostb_int 
252 
253 program Cc 0000 .section program, code 
254 
255 sOutput Strobe interrupt 
256 program cC 0000 ostb_int: 
257 program cC 0000 F801 : mov.b #1,r0l 
258 program C 0002 38C8 mov.b: rOl,@tmrO_tcr .;disable further timer interrupts 
259 
260 program C 0004 28c9 “mov.b = @tmrO_tcsr,r0l ;read flags 
261 program cC 0006 FS81A mov.b #th’la,r0l 
262 program C 0008 38C9 mov.b x01,@tmr0_tcsr ;clear flags, outputs to high level 
263 
264 program C QO00A 5670 rte 
265 
266 end 
ate#**xTOTAL ERRORS 0 
s***eTOTAL WARNINGS 0 


a** H8/300 ASSEMBLER VER 1.1 *** 03/20/91 08:12:01 PAGE 1 
PROGRAM NAME = Input INIT Pulse Service Routine 
1 -heading “Input INIT Pulse Service Routine” 
2 
3 3H8/330 Print Buffer Routine 
4 sversion 2.0 
5 
6 swritten by: 
7 ; Tom Hampton 
8 : Hitachi America, Ltd. 
9 r - Application Engineering 
10 
248 output dbg, obj 
249 -print nocref, nosct 
250 . 
251 -global dinit_int, start 
°252 
253 program cC 0000 section program, code 
254 
255 sdisable any timer interrupts 
256 program C 0000 dinit_int: 
257 program cC 0000 F801 mov.b #1,r01 
258 program C 0002 38C8 mov.b r0l,@tmr0_ ter sdisable output strobe interrupts 
259 program C 0004 38D0 mov-b r01,@tmri_tcr sdisable init pulse interrupts 
260 program C 0006 3890 mov.b r0l,@frt tier ;:disable input delay interrupts 
261 
262 :jump to beginning 
263 program C 0008 5A000000 jmp @start zjump to initialization routine 
264 
265 é end 
&****TOTAL ERRORS 0 
*ae*eTOTAL WARNINGS 0 
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Listing 7: OUT-INIT.LIS 





*#** H8/300 ASSEMBLER VER 1.1 *** 03/20/91 08:12:08 PAGE 1 
PROGRAM NAME ~ INIT Pulse Output Routine . 
1 heading “INIT Pulse Output Routine” 
2 
3 7H8/330 Print Buffer Routine 
4 sversion 2.0 
5 
6 zwritten by: 
7 ; fom Hampton 
8 2 Hitachi America, Ltd. 
9 : Application Engineering 
10 
248 output dbg, obj 
249 eprint nocref, nosct 
250 
251 -global ; oinit_int 
252 
. 253 program cC 0000 -section program, code 
254 
255 ;output INIT signal interrupt 
256 program C 0000 oinit_int: 
257 :disable further timer interrupts 
258 program cC 0000 F901 — mov .b #1,r11 
259 program C 0002 39D0 mov.b rill,@tmri_tcr ;use phi/8, no interrupts 
260 
261 sclear match flag 
262 program C 0004 7FD17260 belr.b #6,@tmri_tcsr :clear compare match a flag 
263 
264 sclear OINIT\ signal 
265 program cC 0008 F900 mov.b #0,rll j 
266 program cC 000A 39D1 mov.b rll,@tmri_tcsr ;no more strobes 
267 
268 zclear oinit flag 
269 program C 000C 722c belr.b #buf_init fliag,r4l sclear oinit flag 
270 
271 program C OO00E 5670 rte 
272 
273 -end 
a *ek*kTOTAL ERRORS 0 
**e*eTOTAL WARNINGS 0 


SECTION 
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*** H8/300 ASSEMBLER 
PROGRAM NAME < 





gon 
Swen aw eawn we 


program C 0000 


program C 0000 


program C 0000 7FB27040 


0004 
0004 7EC17320 
0008 47FA 


program 
program 
program 


aaa 


000A 734¢C 
000Cc 4708 


program 
program 


aa 


O0OE 
000E 7FB27010 
0012 724¢ 


program 
program 
program 


aaa 


0014 
0014 S670 


program 
program 


aa 


0016 
0016 7FB27210 
001A 704¢c 


program 
program 
program 


aan 


program 
program 


001c 731¢ 
OO1E 46F4 


NNANNNNNNYANNN NN NON NAO NN ANH N ANNA NON NNN NN ONAN NNN NNN HN . 

Ooeeneaeanee Oa OG Hs VI TWH FV IAAAARAARAAAHRAARAUYYX URnnwnanwnes ey fh & 

OVO IN MUN PF OV BRANU AWN HY OU SIONDAYVAWNHH OVO DIARY SWNeH OO @ 
aa 


program C 0020 7FB27240 
291 

292 program C 0024 5670 
293 

294 

ee***TOTAL ERRORS 0 
saee*TOTAL WARNINGS 0 
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VER 1.1 *** 


03/20/91 08:12:16 
Online Pushbutton Service Routine 


heading 


288/330 Print Buffer Routine 
iversion 2.0 


swritten by: 

Tom Hampton 

Hitachi America, Ltd. 
Application Engineering 


Ye te te 


- output dbg, ob} 
eprint nocref, nosct 
«global online_int 

. section program, code 


zon line pushbutton test 
online_int: 


:set input port busy 
bset.b #ibusy_bit,@in_hs 


stest online switch 

test_sw: 
btst.b #online_sw bit, @in_hs2 
beq test_sw 


‘gtest online status 


btst.b #online flag,r41 
beq put_online 


scurrently online 

put_offline: 
bset.b #online_bit, @stat_port 
belr.b #online_flag,r41 


just_ret: 
rte 
currently offline 
put_online: ; 
belr.b #online_ bit, @stat_por 
bset.b #online flag,r41 
sshould IBUSY be cleared ? 
btst.b #buf_fl_flag,r41 
bne just_ret 


sclear input port busy 
belr.b #ibusy bit, @in_hs 


rte 


end 


HITACHI 


“Online Pushbutton Service Routine” 


;set IBUSY active 


jtest online switch 
;still low 

: will not go further 
; until released 


jtest online status 
seurrently offline 


;clear Online LED 
sclear online status 


zset Online LED 
zset online status 


zis buffer full 
zyes, IBUSY should remain active 


sset IBUSY inactive 


PAGE 
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Listing 2: PAUSE. LIS 








*e* H8/300 ASSEMBLER VER 1.1 *** 03/20/91 08:12:24 PAGE 1 
PROGRAM NAME = Pause Pushbutton Service Routine 
1 heading “Pause Pushbutton Service Routine” 
2 
3 3H8/330 Print Buffer Routine 
4 ;version 2.0 
5 
6 swritten by: 
7 ; Tom Hampton 
8 ; Hitachi America, Ltd. 
9 ; Application Engineering 
10 
248 output dbg, ob} 
249 sprint nocref, nosct 
250 
251 -global pause int 
252 
253 program C 0000 -section program, code 
254 
255 ;pause pushbutton test 
256 program C 0000 pause_int: 
257 - 
258 zset input port busy 
259 program C 0000 7FB27040 bset.b #ibusy bit, @in_ha jset IBUSY active 
260 
261 stest online switch 
262 program C 0004 test_sw: 
263 program C 0004 7£C17310 btst.b #pause_sw_bit,@in_hs2  ;test pause switch 
264 program C 0008 47FA beq test_sw gstill low 
265 3 will not go further 
266 s until released 
267 
268 stest hold status 
269 program C 000A 733C¢ btst.b #tohold flag,r4l :test hold status 
'270 program C 000C 470C beq put_on_hold currently not on hold 
271 
272 scurrently on hold 
273 program C 000E put_off hold: 
274 program C 0O00E 7FB27030 bset.b ftohold bit,@stat_port sclear Output Hold LED 
275 program C 0012 723C belr.b ftohold flag,r41 ;clear hold status 
276 
277 . genable delay timer interrupts 
278 program C 0014 F808 mov.b #8,r0l 
279 program C 0016 3890 mov.b r0l,@frt tier senable delay timer interrupts 
280 
281 program. C 0018 400£ bra pause cont 
282 
283 scurrently off hold 
284 program cC 001A put_on_hold: 
285 program C 001A 7FB27230 belr.b #ohold bit, @stat_ port ;set Output Hold LED 
286 program C 001E 703C bset.b #ohold_flag,r4} sset hold status 5 
287 = 
288 disable delay timer interrupts 5 
289 program C 0020 F800 mov.b #0,r01 LW 
290 program C 0022 3890 mov.b r01,@frt_tier ;disable delay timer interrupts ?P) 
291 program C 0024 7F917230 belr.b #3,@frt_tcesr sclear compare flag in case 
292 
293 program C 0028 pause cont: 
294 sshould IBUSY be cleared ? 
295 ztest for online first 
296 program C 0028 734C btst.b #online flag,r41 sis buffer offline ? 
297 program C 002A 4708 beq pause_ret syes, keep IBUSY set 
298 
299 stest for buffer full 
300 program C 002C 731¢ btst.b #buf_fl_flag,r41 sis buffer full ? 
301 program C 002E 4604 bne pause_ret syes, keep IBUSY set 
302 
303 sclear IBUSY 
304 program C€ 0030 7FB27240 belr.b #ibusy bit, @in_ hs sset IBUSY inactive 
305 
306 program C 0034 pause _ ret: 
307 program C 0034 5670 rte 
308 
309 end 
aeee*TOTAL ERRORS 0 
aaeeeTOTAL WARNINGS 0 
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Listing 10: BUFFER, INC 


2H8/330 Printer Buffer Program 
srevision 2.0 





sRegister Usage 
é ROH =. Buffer Data 


: R4L = Status Flags 

? R4H «= Buffer Margin (16 bytes) 
5 RS «= Input Buffer Pointer 

Fy R6 = Output Buffer Pointer 


sbuffer control flags (R4L) 


online_flag. equ 4 ; -4- On Line Flag 
ohold_ flag equ 3 : -3- Output Hold Flag 
buf_init flag  .equ 2 : -2- Buffer Init Flag 
buf_f1_flag equ 1 ; -l- Buffer Full Flag 
buf_mt_flag equ 0 : ~O- Buffer Empty Flag 
sPort 1 Usage 
din hs equ pl_dr sInput Port Control (output) 
stat _port equ pl_dr sStatus Indicators 
ibusy_ bit equ 4 : -4- IBUSY (output) 
ohold bit equ 3 ; ~3- Output Hold LED (output) 
- buf_ful_bit -equ 2 ; -2- Buffer Full LED (output) 
online _bit -equ 1 ; ~1- On Line LED (output) 
‘ ready bit equ 0 ; ~0- Ready LED (output) 
sPort 2 Usage 
mem_data -equ p2_dr :Data (input/output) 
mem_dir -equ p2_ddr 
write equ h'ff iwrite direction 
read equ 0 sread direction 
7Port 3 Usage \ 
addr_lo equ p3_dr sAddress, Low Byte (output) 
;Port 4 Usage a 
out_hs equ p4_dr sOutput Port Handshake Z 
. oinit bit equ 4 z ~4= OINIT\ (output) 
: “l= OSTB\ (TMOO) 
obusy bit equ t) 2 -O- OBUSY (input) 


sPort § Usage 


mem_ctrl -equ p5_dr sMemory Buffer Control 
2 -2- WE\ (output) 
3 “l- CS1\ (output) 
: -0- CSO\ (output) 

wresl equ 1 swrite to chip 1 

wres0 equ 2 iwrite to chip 0 

rdcesl equ 5 sread from chip 1 

rdcs0 equ 6 sxread from chip 0 


?Port 6 Usage 
out _port equ pé_dr sOutput Port 


¢Port 7 Usage 
in_port equ p7_dr sInput Port 


sPort 8 Usage 
addr_hi equ p8_dr :Address, High Byte (output) 


sPort 9 Usage 

in_hs2 equ p9_dr :Port Control (inputs) 

online sw_bit .equ 2 -2- ONLINE (input, IRQO) 
pause_sw_ bit equ 1 . “1- HOLD\ (input, IRQ1) 


ee 8 


ee te 


istb bit equ 0 -0- ISTB\ (input, IRQ2) 
smaskable interrupts 

online .equ 0 zirg0d 

pause equ 1 girql 

istb. equ 2 sirg2 
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Listing 11: 88330, INC 


1H8/330 Port Definitions 





31/0 Port Address 





pl_ddr -@qu h’ ffb0 
p2_ddr equ h' ffbl 
p3_ddr equ h' ffb4 
p4_ddr equ h’ ffb5 
pS_ddr -equ h’ ffbe 
pé_ddr equ h’ ffb9 
pé_ddr equ h! ffbd 
p9_ddr equ h’ ffc0 
pl_dr -equ h’ ffb2 
p2_dr -equ h’ ffb3 
p3_dr equ h’ ffb6 
p4_dr equ h’ ffb7 
p5_dr equ h’ ffba 
p6_dr equ h’ ffbb 
p?_dr equ h' ffbe 
p8_dr equ h’ ffbf 
p9_dr equ h! ffcl 
:System Control Registers 
syscr equ. h! ffc4 
mdcr equ h’ ffc3 
iscr equ h’ ffc6 
ier -equ h! ffc7 
?Free-Running Timer 
frt equ h’ f£90 
frt_tier .equ h’ ff£90 
frt_tcsr equ h’ff9l 
frt_fre equ h’ ff92 
frt_frch equ hn’ ff92 
frt_frel equ h’ ff£93 
frt_ocra equ h’ ££94 
frt_ocrah equ nh’ ff94 
frt_ocral equ hn’ fft9s 
frt_ocrb equ h’ffs4 
frt_ocrbh equ h’ f£94 
frt_ocrbl -equ hn’ ff9s 
frt_ter equ h’ ff£96 
frt_tocr equ h’ ££97 
frt_icra equ h’ ff£98 
frt_icrah -equ nh’ ff98 
frt_icral -equ h’ frog 
frt_icrb -equ h’ff9a 
frt_ierbh equ h’ff£9a 
_frt_icrbl -equ h’ ff£9b 
_frt_icre .equ h' ff9e 
frt_ierch -equ h’ ff9e 
frt_icrel -equ h’ ff£9d z 
frt_ierd equ h’ f£f£9e O 
frt_ierdh equ. h’ff9e i 
frt_icrdl -equ h/ ffof Oo 
LJ 
:Pulse-Width Modulation Timers ” 
pwmd _ equ h’ ffa0 
pwm0 tcr | equ h’ ffa0 
pwm0_dtr equ h’ ffal 
pwm0_tocnt equ h’ ffa2 
pwml equ h’ ffa4 
pwml_ter equ h’ ffa4 
pwml_dtr equ h’ ffa5 
pwmi_tecnt equ h’ ffa6 
;Multi-Function Timers 
tmr0 -equ h’ ffc8 
tmrO_ter equ h’ ffc8 
tmr0_tcsr equ h’ ffc9 
tmrO_tcora equ h’ffca 
tmrO_tcorb equ h’ ffcb 
tmr0_tcnt equ h’ ffcc 
tmrl equ h’ ffd0 
tmrl_ter equ h’ f£fdo 
tmrl_tcsr equ nh’ ffdi 
tmrl_tcora equ h’ ff£d2 
tmril_tcorb equ h’ ffd3 
tmril_tent  .equ hn’ ffd4 
;Serial Communications Interface 
sci equ h’ f£d8 
sei_smr -equ h’ ffs R 
sei_brr _ equ h’ffd9 
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sci_scr equ h’ ffda 
sci_tdr equ hf ffdb 
sci_ssr -equ h‘ ffdc 
sci_rdr equ h’ tfdd 
A/D Converter 

adc equ h’ ffe0 
ade_a equ h’ ffe0 
ade_b equ. h! ffe2 
adc c equ h’ ffe4 
ade_d equ h’ f£fe6 
adec_adcsr -@qu h’ ffee 
ade_ader -equ h! ffea 


;Dual-Port RAM 


dpram equ h’ftffo | 

pcesr equ h’ trto 

pedro equ h’tftfi 

pedr2 equ h’ ftft2 

pedr3 equ h fff3 

-pedr4 equ hn’ fft4 

pedr5 equ hn’ ftftts 

pedr6é equ h’ffteé 

pedr7? equ h' f£ff7 

pedrs equ nfrrers 

pedr9 -equ n’ffttrs 

pedrl0 equ h’fffa 

pedrill equ h’ fffb 

pedril2 equ hi ffte 

pedri3 equ h’fttfd 

pedrl4 equ h'fftfe 

pedris equ néftttt 

zMemory Definitions 

code_ start equ n’0040 

end_rom equ h’3fft 

ram_start .equ h’ f£d80 

end_ram equ h'tt7t 

top_ram equ h’ ££80 : 
:Interrupt Vector Locations 

nmi_vec -equ. h’ 0006 znmi 

irq0_vec -equ h’0008 sirgd 

irgi_vec -equ h’000a sirql 

irq2_vec ,equ h’000c sirg2 

irq3_vec equ h’000e zirq3 

irq4 vec .equ h’0010 sirg4 

irq5_vec -equ h’0012 zirgS 

irq6 vec .equ h’0014 rirg6 

irg?7_vec -equ . h’ 0016 sirg? 

icia_vec ,equ h’0018 :frt input capture a 
icib_ vec equ h’00la sfrt input capture b 
icic_vec .equ h’001c :frt input capture c 
icid_vec -equ h’00le :frt input capture d 
ocia_vec equ h’ 0020 ;frt output compare a 
ocib_vec equ h’0022 :frt output compare b 
fovi_vec -equ h’0024 frt overflow 
emi0a_vec -equ h’ 0026 smftO output compare a 
cmi0b vec equ h’0028 smftO output compare b 
ovid_vec -equ h’002a zmft0 overflow 
emila_vec equ h’002c smftl output compare a 
emilb vec equ h’002e smftl output compare b 
ovil_vec -equ h’0030 smftl overflow 
mrei_vec equ hn’ 0032 :dpram read end 

mwei_ vec equ h’0034 sdpram write end 
eri_vec equ n’0036 sreceive error 

cxi_vec — sequ h’ 0038 sreceive data available 
txi_vec -equ h’003a stransmit buffer empty 
adi_vec -equ h’003c :a/d complete 
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Power-Down Operation 


INTRODUCTION 


The H8/330 devices have three different power-down states 
of operation that significantly reduce power consumption by 
stopping some (or all) of the on-chip functions. These three 
modes differ not only for power consumption reduction, but 
also in how the entry and exit methods. Figure 1 shows a 
simple flow chart of the processing states for the H8/300 CPU. 


Program Execution SLEEP Instruction 
with SSBY=1 






SLEEP Instructior ~ > . 


STBYe1 end AESm0 
* | Power Down STBY=0 
Figure 1: H8/330 Processing States 






Sleep Execute 
Mode SLEEP 
Instruction 





Instruction 


Entrance Clock CPU CPU On-Chip On-Chip /O Ports 
Registers | Peripherals RAM 





Tom Hampton 


This flow chart describes the processing sequence for all 
exception processing as well as power-down modes of opera- 
tion. Table 1 shows power consumption during all modes of 
operation while Table 2 shows an overview of the individual 
modes for power-down operation. 


ire [vasinon |] Rear 






9 


Table 1: H8/330 Power Consumption 





Halt Held Interrupt 
RES _ 
STBY 
Halt and NMI 
Initialized ee -TRQO 
Hardware | STBY pin Not Held Halt and High “STBY high, 
7 Active Initialized Impedance | then nes 
Table 2: H8/330 Power-Down Modes 
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H8/330 
HARDWARE STANDBY MODE 


The “Hardware Standby” mode of power-down operation is 
controlled by an external input pin (STBY) on the H8/330. 
When the input to the STBY pin is made active, the H8/330 

‘enters the hardware standby mode after completion of the 
current instruction. 


Operation of the CPU and all on-chip peripherals are stopped 
completely during this mode of operation. The system oscil- 
lator is also stopped, to reduce power consumption to its 
minimum, so thatno clock is supplied to any of the parts (CPU 
or peripherals) of the H8/330. Not only is the system clock 
stopped, but all the I/O ports on the H8/330 are placed into a 
high-impedance state. This inhibits the I/O ports from dribing 
or sourcing any external devices. 


Only the on-chip RAM of the H8/330 is maintained during this 
mode of operation. Whatever values are placed into thisRAM 
area are retained while nothing else is saved. (For further 
power reduction savings while still maintaining RAM data, 
please refer to the Special Considerations section later in this 
document.) 


_ Application Note 


The H8/330 device remains in this mode of operation since the 
STBY pinremains active, despite the state of any other inputs 
(including RES). The only way to remove the H8/330 from 
this mode of operation is with the following sequence: 


1, release the STBY pin to the inactive state, 


2. reset the device by pulsing the RES pin (see Figure 2 for 
the timing relationships on performing this function). 


Since youare resetting the H8/330, you probably will only use 
this mode of operation when the H8/330 is used to initialize — 
some external devices and then go to sleep until the external 
devices requires operations from the H8/330. Because the 
on-chip RAM is maintained during this mode of operation, 
you can place software semaphores in the RAM that will allow 
the initialization routines of the H8/330 to decide whether to 
do acomplete re-initialization (as froma power-on condition) 
or a re-initialization of only itself (as in waking up from the 
hardware standby mode). 


Oscillator AUUUIHHTTTHLL 
RES \ \ / | 


aa rHardware 
Standby 
Mode 


Clock 


i] 
Speceecn aes 


Time 


pure 2: Exiting Hardware pany Mode 


SOFTWARE STANDBY MODE 


The software standby mode of operation is very similar to the 
hardware standby mode, the same power consumption sav- 
ings are available in either mode. Like the hardware standby 
mode of operation, the CPU and all on-chip peripherals are 
stopped completely during the software standby mode. The 


difference between the twomodes is how they are entered and © 


exited, and in how the CPU’s registers and the I/O ports are 
handled. 


The software standby mode of operation is controlled via 
_ software operation instead of hardware. There are two 
power-down functions controlled in software by program- 


ming the System Control Register (See Figure 3); the entering 
of the software standby mode and the time delay when leaving 
the software standby mode. 


This mode of operation is entered by setting the “software 
standby bit” (SSB Y) inthe System Control Register (S YSCR) 
and then executing the SLEEP instruction. When the SLEEP 
instructionis executed, the SSBY bitis tested to find its value. 
If this bit is not set, then the H8/330 enters the “Sleep” mode 
of operation (discussed later in this document), If this bit is set, 
then the H8/330 enters the software oun mode of opera- 
tion. 


See me te - HITACHI 


7s § 


~ Hitachi America, Ltd. « San Francisco Center * 2000 Sierra Point Pkwy. « ° Brisbane, CA 94005-1819 « ¢ (415) 589-8300 


ren rR at nem nan gem en nen ornE EET Meennsentieertce ern 
RAS RAT Rnara one ygequrnmer nope rere ne nennernemercrn comers eee te ent RT TT YT emecnnnerememnnr-qemenemnennyene en 





Application Note 


essy | stez | evs: | sreo | | NMIEG | DPME | RAME | 
ae, : 


H8/330 


Figure 3: System Control Register 


Before executing the SLEEP instruction, the user must pro- 


gram not only the SSBY bit in the SYSCR, but also the 


“Standby Timer Select” (STS,-STS,) bits. Since the on-chip 
oscillator is stopped during this mode of operation, enough 
time must be allowed to allow the oscillator to re-start (AC 
parameter t,,,.). The user can control this time by program- 
ming these three bits. By setting them to different values, the 
user controls how many clock cycles the CPU delays between 
‘recognizing the external interrupt signal and starting the 
exception processing service routine (see Table 3). 


Unlike the hardware standby mode, this mode of operation 
maintains the registers of the CPU. This allows program 
execution to continue at the location following the SLEEP 
instruction when the H8/330 is released from the software 
standby mode. Also during this mode of operation, the I/O 
ports are maintained in their current states instead of being 
re-initialized. But, the on-chip peripherals (such as timers, 
serial channel, etc.) are reset and must be re-initialized 
whenever the H8/330 is released from software standby mode. 


Settling 


STS2 STS STSO 


Since the on-chip peripherals are not operating during the 
software standby mode, itis only external interrupts (NMI or 
IRQ,-IRQ,) that can awaken the H8/330 and retum it to its 
normal operating sequence. This is handled just like any other 
exception sequence. The interrupting device is serviced after 
the oscillator settling time delay by the exception processing 
routine and operation is returned to the location following the 
SLEEP instruction. 


This mode is probably the most useful of the power-down 
modes of operation because it offers the most power consump- 


tion savings. The CPU and on-chip peripherals are stopped | 


while external devices (andon-chip I/O ports) are still allowed 
to function. This allows the user to have the rest of his system 
monitor external events while the CPU remains inactive. 


Of course, you can always leave the software standby miode 
of operation by resetting the H8/330 or by entering the 
hardware standby mode. 


System Clock Frequency (MHz) 


| | | 84 et 
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Table 3: Standby Timer Select Values 
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SLEEP MODE 


The “Sleep” mode of power-down operation is controlled by 
software. During this mode, operation of the H8/300 CPU 
core is halted while the rest of the on-chip functions remain 
active. Because of this, the “Sleep” mode offers the least 
amount of power consumption savings. 


This mode of operation is controlled by executing the SLEEP 
instruction during the normal program operation. When this 
occurs, the H8/300 CPU is placed into a “halt” state with no 


further activity taking place. This halt state is similar to the - 


situation where the CPU may be in an indefinite “wait” state 
except that no control signals are active. 


Since the CPU is halted, no change in the I/O ports will occur 
(meaning that their current values will be held). Though the 
CPU is no longer running, all values in the registers are held 
_ in their current state. By doing this, the CPU is allowed to 


continue its operations directly from the location following - 


the SLEEP instruction (after peocesaiits a return from the 
sleep mode). 


SPECIAL CON SIDERATIONS 


RAMRETENTION 
~The H8/330 also offers the ability for the user to maintain the 
contents of the on-chip RAM and CPU registers with a low 
voltage input to the device. 


During either of the standby modes (hardware or software) of 
operation, the user can drop his supply voltage to +2.0 volts 
DC and still be assured that the contents of the on-chip RAM 
will not be lost. To use this feature correctly, the user must 
ensure that he disables the on-chip RAM (by clearing the 
RAME bit in the SYSCR) just before entering the standby 
mode. While in the standby modes of operation, the user can 
now reduce his supply voltage (thus further reducing current 
consumption in his system). During the software standby 
mode of operation, the user cannot only maintain the RAM 
contents but also the contents of the CPU’s registers while the 
low voltage is applied. 


Before releasing the H8/330 from either standby mode of 
operation, it is the responsibility of the user to ensure that the 
proper operating voltage (V_,,=+5.0V +10%) be available. 


Though the CPU is halted, the system clock is still allowed to 
run. This means that the on-chip peripherals can still function; 
the timers, the serial channel, the A/D converter, and the 
Dual-Port RAM canstill do all theirnormal operations. In fact 
the H8/330 device gets out of the sleep mode of operation. 


Whenever any of the on-chip peripherals generate an interrupt 
or an external interrupt is input to the device, the CPU is 
awakened from its sleep mode and processing continues as 
normal (see Figure 1 for flow details). The interrupting device 
is serviced during the exception processing routine and opera- 
tion is returned to the location following the SLEEP instruc- 


tion. 


Like the Software Standby Mode, you can always leave the 
sleep mode of operation by resetting the H8/330 or by entering, 
the hardware standby mode. 


EXTERNAL OSCILLATOR 

In most systems (or microcontrollers), it is the oscillator that 
is the main concern when attempting to reduce power con- 
sumption. Though peripheral and CPU functions are stopped, 
since the oscillator continues to operate small power savings 
are observed. The H8/330 overcomes this concern by provid- 
ing its own on-chip oscillator that is stopped during the 
standby mode of operation. 


If your system uses an external oscillator to drive the H8/330 
device and you still wish to enjoy the power consumption 
savings that the H8/330 offers, you still can. In instances such 
as this, the H8/330 would accept the external clock input and 


stop the internal clock from being provide to the on-chip 


peripherals during the power-down modes. Here the oscillator 
stabilization time (AC parameter t,,_.) becomes effectively 0 
ms, Youcan now program the Standby Timer Select bits in the 
SYSCR to “000” to reduce the delay when coming out of the 


software standby mode to its absolute minimum. 
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Application Note 
APPLICATION EXAMPLE 


SOFTWARESTANDBY MODE 

In this example, we will use the NMI i input to suggest when 
the H8/330 should be in a power-down state. Since the NMI 
input is high, we would like the H8/330 to continue normal 
operations. When the NMI input goes low, we want to enter 
the software standby mode. This is possible because we can 
sense bothedges of the NMI input on the H8/330. For the sake 
of programming the Standby Timer Select bits, lets assume 
that the H8/330 is operating at aclock frequency of 6MHz. In 
discussion of the software, we will talk only about program- 
ming that is required and not discuss peripheral initialization 
at all (refer to Figure 4 for a flow chart of the operations 
sequence). 
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Figure 4: Application Example 
Processing Flowchart 
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Return from 


H8/330 


During the normal operating sequence, the H8/330 would go 
through the process of initializing all its peripherals and other 
functions for normal operation. Since the System Control 
Register defaults to having the NMI edge selection for falling 
edge, no programming of that bitis necessary at this time. We 
will take this opportunity to program the SYSCR for the 
proper STS values. We know that the t,,.. value is 10 msec 
from the AC characteristics of the H8/330. This calculates out 
to 60,000 t-states at6MHz. To allow for this number of clock 
cycles, we must programSTS,-STS, toa value of“011.” This 
will allows 10.9 msec to elapse for oscillator stabilization. 


Whenever the falling edge of the NMI signal is recognized, 
the H8/330 will begin the processing of the NMI 
exception processing service routine. During this ser- 
vice routine we must do three basic operations; figure 
out whether we are going into or out of software standby 
mode, change the state of the NMI edge selection, and 
execute the SLEEP instruction (if we are going into the 
standby mode). Optionally we could also enable or 
disable the on-chip RAM if we were going to reduce 
voltage to the H8/330. After that we would return from 

this exception processing service routine to our normal 


operation (a flow chart of the NMI service routine is | 


shown in Figure 5). 


For our discussion of the software, please refer to 
Listing 1. In the main routine, the only thing we really 
need to do is to program the SYSCR with the values 
necessary for the NMI edge selection and the standby 
timer selection (for oscillator stabilization time). Ini- 
tially we want to capture the falling edge of the NMI 
input and set the STS bits for a count of 65536. This 
requires the programming of “101110X1” into the 
SYSCR (refer to Figure 3 for a description). With this 
programmed into the SYSCR, wecancontinue withour 
normal processing. 


Whenever the falling edge of the NMI signal is ob- 


served (see Figure 6), the H8/330 will begin processing. 


the NMI exception processing service routine. Since 
this routine must handle both placing the H8/330 into 
the software standby mode as well as recovering from it, we 
must first decide whichone itis. To do this we can test the state 
of the NMIEG bit. If this bit is a “0,” then we can assume that 
we have detected the falling edge and that we are going to go 
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H8/330 


into the software standby mode. Before we execute the 
SLEEP instruction we would need to program the NMIEG bit 
to “1” so that we.can now monitor for the rising edge of the 
_ "NMisignal. Optionally, if we are going to reduce the V,, level 
we would need to clear the RAME bit in the SYSCR now 
before we execute the SLEEP instruction. _ 





2 





After executing the SLEEP instruction the H8/330 is now in 
the software standby mode of operation awaiting the input of 
the rising edge on the NMI signal. When the rising edge is 
detected (see Figure 7), the H8/330 starts the internal counter 
for the standby timer and delays further processing until the 
counter has timed out. At this point the H8/330 begins 
processing the NMI exception processing service routine 


again. 


We still need to test the NMIEG bit to decide whether we are 


going into the standby mode or coming out of it. If this bit is 

a “1,” then we can assume that we are coming out of the 
standby mode. Here, we would want to change the NMI edge 
selection from rising edge to falling edge. If we had disabled 
the on-chip RAM, we would want to make sure that we 
re-enabled it for use. Afterward we merely return from the 
NMI service routine (whichincidentally returns us to the NMI 
service routine that we were performing to go into standby 
mode). 
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Listing 1: Application Example 
NMI Service Routine 





3H8/330 Power-Down Application Example 
sNMI Service Routine 


nmi_service: 
btst.b #2,0h’ ffc4 test nmieg bit in SYSCR 
beq falling_edge sgoing into power-down 


scoming out of power-down 
rising_edge: 


belr.b #2,@h’ ffaa sset nmieg for falling edge 
bset.b $0,0@h’ ffc4 é senable on-chip RAM 
rte ine sreturn from processing 


+ to previous NMI routine 


:going into power-down 
falling edge: 


bset..b #2,@h! ffc4 , zset nmieg for rising edge 
belr.b #0, @h! ffc4 sdisable on-chip RAM 
sleep #go to power~-down mode 

rte sreturn from processing 


3; to normal operation 


«end 


SECTION 
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H8/3XX Instruction Timing 


Tech Notes 
Application Engineering 


Carol Jacobson 


While benchmarks can provide a good estimate of a controllers CPU performance, they seldom give 
us enough information to determine a part's suitability for a particular application or the relative 
performance of a peripheral. A good approximation of a controllers ability to execute a particular 
function, within an allotted time, can be obtained by adding module overhead (interrupt latency, A/ 
D conversion, serial bit rates) to the time required to execute the modules driver routine. Using 
information shown in the H8/300 Series Programming Manual, instruction execution times for any 
combination of addressing modes and memory access types can be calculated. 


Instruction Fetch 


H8/3xx devices have three possible data paths: a 16-bit internal data bus for RO to R7 and on-chip 
memory, an 8-bit internal bus for on-chip peripherals and an 8-bit external bus. The H8/300 CPU 
uses a 16-bit word instruction set. The number of cycles needed to fetch an instruction equals the 
number words in the instruction times the number of cycles needed to fetch each word. This later 
value depends upon the data path used. These numbers are given in Tables C1 and C2 of Appendix | 
Cin the Programming Manual. For Example: 


From on-chip ROM: 
hex code # words x _ #clocks/16-bits = instruction fetch time Z 
_ 
mov.b 101,@h’2000 6A88 2000 2 _ 4 clks i 





From external memory: wait states (m) cam be included for access to slower peripherals requiring 
additional time to complete the transfer: 


hex code #bytes x  #clocks/8-bits = instruction fetch time 


mov.b r01,@h’2000 6A88 2000 4 3+m_ 12 + 4m clks 


Execution 


Like the instruction fetch, the number of cycles needed toexecute each part of the instruction depends 
upon the operation and memory location. Additional cycles, represented in table C2 as columns J 
through N, can be defined as follows: 
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Tech Notes a H8/3XX Instruction Timing 


Branch Address Read: Cycles needed to fetch the destination address during an 8-bit indirect j jump 
or jump to subroutine (IMP, JSR @@aa:8). 


Stack Operation: Additional cycles for incrementing or decrementing the stack pointer and storing 
the program counter on the stack. 


Byte Data Access: Time required to obtain non-immediate (or indirect) 8-bit data or address 
locations. 


Word data Access: Time required to obtain non-immediate (or indirect) 16-bit data or address 
locations. 


Internal Operation: Additional cycles for arithmetic address or data calculations. 


The total instruction cycle time is the sum of the instruction fetch time plus any additional cycle time 
needed to complete execution of the instruction. 


Appendix B of the H8/300 Programming Manual gives the number of clock cycles for each 
instruction, for all supported addressing modes, when all operations are on-chip. For instructions 
fetched from off-chip memory, timing can be calculated from table C1 and C2 values. 


Note:Table C1, On-chip Reg. Field, refers to on-chip I/O and module registers not to registers RO 
- R7 or the CCR. 


Table Calculations 
From tables Cl & C2: | (#ofcycles)  (clks/cyc) 

hex code I Si instruction fetch time 
int; mov.b r01l,@h’2000 6A882000 2 2 4 clks 
ext: mov.b r0l,@h’2000 6A88 2000 4 3+m 12+4mclks 
Examples 
l. a. MOV.B @R1+,R1H where the instruction resides in off-chip memory requiring no» 


wait states and R1 contains an off-chip address value. 


from C2 from Cl 
I=1 | Si=6+2x0= 6 sinstruction fetch 

; L= 1 Sl=3+2xQ=3 sindirect address access cycle 
N= 1 Sn= 2 ‘time to increment R11 


Total = (1 x6) + (1 x3) + (1 x2) = 11 clocks = 1.1 us @ 10MHz 
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H8/3XX Instruction Timing Tech Notes 
b. If the same instruction had been stored on-chip and the address in R1 was s on-chip 
RAM, from App. B we read: 
6 states or clocks = 0.6 us @ 10MHz 
or: I=L=N=1 Si=Sl=Sn=2 
Total = (1 x 2) +(1 x2) +(1x 2) = 6clocks 


2. a. BCLR @R3L,@H’8031 where the instruction resides in external ROM requiring 1 
wait state and the destination is off-chip RAM requiring one wait state. 


from C2 from Cl 
I=2 - SiH 6+2x1=8 ;0ff chip access 
L=2 Sl=3+2x1=5 sbyte access to off chip memory 


Total = (2 x 8) + (2x 5) = 26 clocks = 2.6 us @ 10 MHz 


b. BCLR #03,@FRT_TCR where the instruction resides in external ROM requiring 
1 wait state and the destination is the on-chip register field. 


from C2 from Ch 
Pd 
I=2 Sie 6+2x1=8 ‘fetch from off chip memory 
: Lu 
L=2 Sl=3 sbyte access to on chip register field . 





Total = (2 x 8) + (2 x 3) = 22 clocks = 2.2us @ 10 MH 
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H8/320 Family Device EPROM Security 
Tech Notes. | 
Application Engineering 


Tom Hampton 





EPROM Security 


The H8/320 Family of microcontrollers (except the H8/324 which is a masked programmed device 
only) have an EPROM security feature that can be used by the customer. This feature allows the user 
of the microcontroller to protect parts (or all) of the code programmed into the on-chip EPROM of 
the H8/320 from being read by means other than his own program. This feature cannot be tested by 
Hitachi and, due to this, is unguaranteed. It is up to the user to determine whether or not to implement 
the function of this feature and accept sole responsibility for its outcome. 


Memory Configuration 


The memory matrix of the H8/320 Family of microcontrollers is configured as a dual matrix, one 

with even addresses and the other with odd addresses. The configuration of each matrix appears as 

lines of memory 32 bytes wide (32 x 8, 256 bits). This configuration allows an individual memory 

line to consist of 64 bytes of data (including both even and odd addresses). Each memory line has 

1 security bit thus allowing every 64 byte segment to have the option of the security feature. The 
address of this security bit is the same as the starting address for the memory line. 


_ Security Functions 
The security function had two different operations depending upon the mode of operation that the 
H8/320 Family device is placed into, EPROM programming mode or CPU operation mode. 


EPROM Programming Mode 


‘In the EPROM programming mode, the ability of the EPROM programmer to read the EPROM 
contents is limited by the state of the security bit. 


If the security bit is a “1” (unprogrammed state), then the data in the EPROM can always be read. 
If the security bit is a “0” (programmed), then any read operation to the EPROM will result in a “00” 
being read. This indicates that once the security bit is pro grammed, the user will be unable to verify 
the contents of the EPROM. 
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H8/ 320 F amily Device EPROM Security Tech Notes 


security bit 1 | EPROM datacan be read (normal) 
security bit 0 “00” data is always read 


CPU Operating Modes 


In the CPU operating modes, the ability of any device to read the EPROM contents is limited by the 
state of the security bit. — 


If the security bit is a “1” (unprogrammed state), then the data in the EPROM can always be read by 
the CPU. If the security bit is a “O” (programmed), then the read state of the EPROM (from the CPU), 
depends upon where instruction execution is occurring from. 


security bit. 1 = =£EPROM datacan be read by CPU (normal) 
security bit 0 After RESET, the CPU can read EPROM data until it executes an 
instruction outside the internal EPROM area (either external 
memory or internal RAM). Once an instruction is executed outside 
the internal EPROM memory area, then the EPROM becomes 
_ disabled and cannot be accessed any further. This prohibits an 
- external program from being able to “dump” the contents of the 

on-chip EPROM. | | 


Programming the Security Bit 


There exists two EPROM programming mode; Normal and Security. The normal EPROM 
programming mode is used to program the code/data area of the on-chip EPROM memory for the 
H8/320 device. The "security" programming mode is used to program the security bits of the 
EPROM's memory area. The security function is then implemented by programming a “0” into the 
address corresponding to the memory line location. Setting the programming mode is done by setting 
certain I/O port pins to the following states: | 


| H8/320 Device I/O Port Pi 
Programming Mode — P7,/0S 
Normal | id 1 | 
Security | 1 | 0 
_ Again, this feature cannot be tested by Hitachi and thus remains unguaranteed. It 


is up to the user to determine whether or not to implement the function of this 
feature and accept sole responsibility for its outcome. | 


SECTION 
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8/350 Device EPROM Security 


Tech Notes | 
Application Engineering 


Tom Hampton 


EPROM Security 


_ The H8/350 Microcontroller has an EPROM security feature that can be used by the customer. This 
feature allows the user of the microcontroller to protect parts (or all) of the code programmed into 
the on-chip EPROM of the H8/350 from being read by means other than his own program. This 
feature cannot be tested by Hitachi and, due to this, is unguaranteed. It is up to the user to determine 
whether or not toimplement the function of this feature and accept sole responsibility for its outcome. 


Memory Configuration 


The memory matrix of the H8/350 Microcontroller is configured as a dual matrix, one with even — 
addresses and the other with odd addresses. The configuration of each matrix appears as lines of 
memory 32 bytes wide (32 x 8, 256 bits). This configuration allows an individual memory line to 
consist of 64 bytes of data (including both even and odd addresses). Each memory line has 1 security 
bit thus allowing every 64 byte segment to have the option of the security feature. The address of this 
security bit is the same as the starting address for the memory line. 


Security Functions 
The security function had two different operations depending upon the mode of operation that the 
H8/350 device is placed into, EPROM programming mode or CPU operation mode. 


EPROM Programming Mode 


In the EPROM programming mode, the ability of the EPROM programmer to read the EPROM 
contents is limited by the state of the security bit. 


If the security bit is a “1” (unprogrammed state), then the data in the EPROM can always be read. - 
If the security bit is a “O” (programmed), then any read operation to the EPROM will result in a “00” 
being read. This indicates that once the security bit is programmed, the user will be unable to verify 
the contents of the EPROM. | 
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H8/ 350 Device EPROM Security Tech Notes 





security bit 1 EPROM data can be read (normal) 
security bit 0 “00” data is always read 


CPU Operating Modes 


In the CPU operating modes, the ability of any device to read the EPROM contents is limited by the 
State of the security bit. 


If the security bit is a “1” (unprogrammed state), then the data in the EPROM can always be read by 
the CPU. If the security bit is a‘‘0” (programmed), then the read state of the EPROM (from the CPU), 
depends upon where instruction execution is occurring from. 


security bit 1 EPROM data can be read by CPU (normal) 

security bit 0 After RESET, the CPU can read EPROM data until it executes an 
instruction outside the internal EPROM area (either external 
memory or internal RAM). Once an instruction is executed outside 
the internal EPROM memory area, then the EPROM becomes 
disabled and cannot be accessed any further. This prohibits an 
external program from being able to “dump” the contents of the 
on-chip EPROM. 


Programming the Security Bit 


There exists two EPROM programming mode; Normal and Security. The normal EPROM 
programming mode is used to program the code/data area of the on-chip EPROM memory for the 
~H8/350 device. The "security" programming mode is used to program the security bits of the 
~EPROM's memory area. The security function is then implemented by programming a “0” into the 
address corresponding to the memory line location. Setting the programming mode is done by setting 
certain I/O port pins to the following states: 


H8/350 Device I/O Port Pi 
Programming Mode P8/RS/JE | P8,/RS,/1OS 
Normal | 1 1 | 
Security | ol 0 
Again, this feature cannot be tested by Hitachi and thus remains unguaranteed. It 


is up to the user to determine whether or not to implement the function of this 
feature and accept sole responsibility for its outcome. 


SECTION 
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H8/330 Microcontroller EPROM Security 
Tech Notes. 
Application Engineering 


Tom Hampton 


EPROM Security 


The H8/330 Microcontroller has an EPROM security feature that can be used by the application 
programmer. This feature allows the user of the microcontroller to protect parts (or all) of the code 
programmed into the on-chip EPROM of the H8/330 from being read by means other than his or her 
own program. This feature cannot be tested by Hitachi and, due to this, is unguaranteed. It is up to 
the user to determine whether or not to implement the function of this feature and accept sole 
responsibility for its outcome. | 


Memory Configuration 


The memory matrix of the H8/330 Microcontroller is configured as a dual matrix, one with even 
addresses and the other with odd addresses. The configuration of each matrix appears as lines of 
memory 32 bytes wide (32 x 8, 256 bits). This configuration allows an individual memory line to 
consist of 64 bytes of data (including both even and odd addresses). Each memory line has | security 
bit thus allowing every 64 byte segment to have the option of the security feature. The address of this 
security bit is the same as the starting address for the memory line. | 


Security Functions 


The security function had two different operanone depending upon the mode of operation that the 
H8/330 device is placed into, EPROM programming mode or CPU operation mode. | 


~ EPROM Programming Mode 


In the EPROM programming mode, the ability of the EPROM programmer to read the EPROM 
contents is limited by the state of the security bit. 


If the security bit is a “1” (unprogrammed state), then the data in the EPROM can always be read. . 
If the security bit is a “0” (programmed), then any read operation to the EPROM will result in a “00” 
being read. This indicates that once the security bit is programmed, the user will be unable to verify 


the contents of the EPROM. 
security bit 1 EPROM data can be read (normal) 
security bit 0 “00” data is always read 
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CPU Operating Modes 


In the CPU operating modes, the ability of any device to read the EPROM contents is limited by the 
state of the security bit. 


If the security bit is a “1” (unprogrammed state), then the data in the EPROM can always be read by 
the CPU. If the security bit is a““O” (programmed), then the read state of the EPROM (from the CPU), 
depends upon where instruction execution is occurring from. 


security bit 1 EPROM data can be read by CPU (normal) 
security bit 0 After RESET, the CPU can read EPROM data until it executes an 
| instruction outside the internal EPROM area (either external 

memory or internal RAM). Once an instruction is executed outside 
the internal EPROM memory area, then the EPROM becomes 
disabled and cannot be accessed any further. This prohibits an 
external program from being able to “dump” the contents of the 
on-chip EPROM. | 


Programming the Security Bit 


There exists two EPROM programming mode; Normal and Security. The normal EPROM 
programming mode is used to program the code/data area of the on-chip EPROM memory for the 
H8/330. The "security" programming mode is used to program the security bits of the EPROM's 
memory area. The security function is then implemented by programming a “0” into the address 
corresponding to the memory line location. Setting the programming mode is done by setting certain 
I/O port pins to the following states: 
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H8/330 1/O Port Pin 


Programming Mode | pao | Per | 
Noma CE Tt 
seary Tt | 









Again, this feature cannot be tested by Hitachi and thus remains unguaranteed. It 
is up to the user to determine whether or not to implement the function of this 
feature and accept sole responsibility for its outcome. 
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H8/300 CPU DIVXU Instruction 


Tech Notes 
Application Engineering 





Tom Hampton 





The H8/300 CPU provides an instruction to perform a 16/8 divide operation to yield an 8-bit result. 
The H8/300 Programming Manual incorrectly describes the flag results during the execution of this 
instruction. The text of the instruction states the following: 


"Valid results are not assured if division by zero is attempted or an overflow occurs. 
Division by zero is indicated in the Zero flag. Overflow can be avoided by the coding 
shown on the next page." 


This is in error. While it is true that valid results cannot be assured if the division by zero is attempted 
or an overflow should occur, it is incorrect in stating that the Zero flag will indicate that a divide by 
zero operation was attempted. The text should read: 


"Valid results (remainder, quotient, and flag operation) are not assured if division by 
zero is attempted or an overflow occurs. Overflow can be avoided by the coding 
shown on the next page." 


The text for the flag description currently states: 


Zz: Set to “1” if the divisor is zero; otherwise cleared to “‘0.” 
This text should read: 
Z: Unpredictable if the divisor is zero; otherwise cleared to “0.” 
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H8/300 CPU SUBX Instruction 


Tech Notes 
Application Engineering 


Tom Hampton 


The H8/300 CPU provides an instruction for subtracting two bytes from each other along with the 
value of the Carry flag. This instruction is useful when performing subtraction operations that are 
greater than 16-bits (an instruction is already available that can do either 8-bit or 16-bit subtractions 
with no problems). Lets take the example of a 32-bit subtraction as follows: 


H’ 40000000 


o- é 


H’ OO70DCAA (result) 


If we look are each operation individually, the result is easily explained. 


1. In subtracting the low order bytes from each other (56 from 00), we get a result of AA with a 
borrow from the next higher byte. 

2. In subtracting the next higher order bytes from each other (23 from FF because of the borrow), 
we get a result of DC with the borrow continuing to the next higher byte. 

3. In subtracting the next higher order bytes from each other (8F from FF because of the borrow), 
we get a result of 70 with the borrow continuing to the next higher byte. 

4, In subtracting the highest order bytes from each other (3F from 3F because of the borrow), we 
get a result of 00 with no borrow. 


If no borrow operations were never to occur, then we could code this very simply with two word 
subtract operations. But since this is not the case, we must code the sequence so as to keep track of 





the borrow operations. If we code this in the same sequence as the. eperanon described above, it might 3 
look something like this: . © 
~” 
- mov.w #h’ 4000, r1 
mov.w #0, r2 
mov .W #h’ 3f8f, r3 
mov .W #h! 2356, r4 
sub.b r21,r41 700-56 
subx r2h, r4h ;00-23-borrow 
subx r1l,r31 ;00-8f-borrow 
subx rih, r3l 340-3 f-borrow 


(We could also replace the first two subtraction instructions with a subtract word operation to reduce 
code size and execution time but this method makes it easier to read for now. ) 


sub.w r2, x4 ;0000-2356 
subx rl1l,r3l :00-8f-borrow 
subx rlh,xr3l- 7; 40-3 f-borrow 
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Tech Notes 


H8/300 CPU SUBX Instruction 


The trick in using the SUBX instruction is to pay attention to the flag operations. During execution 
of a normal subtraction operation, the Zero flag is used to determine if the result of the operation is 
- zero or not. However, the execution of the SUBX instruction is a little bit different. If the result of © 
the operations zero, then the Zero flag remains unchanged from the previous instruction. If the result 
is non-zero, then the Zero flag is cleared to correctly indicate a non-zero result. While this sounds 
a lot like what it is supposed to be, look at a scenario where the previous instruction would clear the 
zero flag (this may be something as simple as a MOV instruction). If the SUBX instruction were to 
follow this operation and the result were zero, then the Zero flag would remain at “0,” clearly not 
indicating the result of the operation. 





Because of this, it is extremely important that the SUBX instruction be used IMMEDIATELY 
following other SUB or SUBX instructions. This sequence allows the H8/300 CPU to properly keep 
track of borrows, and maintain the Zero flag in the correct state. To illustrate this problem, lets assume 
that our variables are stored in memory rather than registers. In this example, we have to move the 
data into our registers in order to perform the operation. 


varl equ H’ 40000000 
var2 -equ. H! 3£8£2356 
mov.b @(var2+3),rih sget 56 
mov.b @(varl+3),r11 sget 00 
sub.b rlh, rll 300-56, Zero=0, Carry=1 
mov .b r11,@(varl1+3) jstore lst result (AA), Zero=0, Carry=1 
mov .b @(var2+2),rlh 7get 23, Zero=0, Carry=1 
mov .b @(varl+2),r11l sget 00, Zero=1, Carry=1 
subx rlh, rll 300-23-borrow, Zero=1, Carry=1 
mov.b r1l1,@(varl+2) ¢store 2nd result (DC), Zero=0, Carry=1 
mov.b @ (var2+1),rlh ¢get 8F, Zero=0, Carry=1 
mov.b - @(varl+1),r11 sget 00, Zero=l, Carry=1 
subx  rlh,ril 300-8F-borrow, Zero=1, Carry=1 
mov .b r1l,@(varl+i) ;store 2nd result (70), Zero=0, Carry=1 
mov .b @(var2),rlh iget 3F, Zero=0, Carry=1 
mov .b @(varl),rl1l sget 40, Zero=0, Carry=1 
subx rlh, rll _ 340-3F-borrow, Zero=0, Carry=0 
mov .b rll, @(varl) sstore 2nd result (00), Zero=1, Carry=0 


Since the result of the SUB and SUBX operations are not 00 (until number 4), the flags behave as 
we wish them to. During the 4th subtraction operation, the Zero flag remains clear even though the 

result of the subtraction operation was zero. While this is the correct flag value for the entire 
operation, it would not be correct if we test the flag after the MOV instruction. 


Lets change our variables so that the result of the subtraction operation should be zero (H'40000000 
- H'40000000) and again follow the code sequence. Since each of the substraction operations (SUBX) 
would result in a zero value, the contents of the Zero flag would remain as it was prior to the execution 
of the instruction. In the 4th subtraction operation, we need only look at the values transfered by the 
MOV instructions. Since both values are non-zero in nature, then the contents of the Zero flag would 
be cleared as a result of that instruction. This allows the final value of the Zero flag (before the MOV 
instruction) to be 0, and this would be incorrect for the entire operation. Of course it would be correct 
after the MOV operation, but our previous example showed it to be opposite of this example. 
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H8/ 300 CPU SUBX Instruction | Tech Notes 


mov.b r11,@(var1+1) ;store 2nd result (70), Zero=0, Carry=1 
mov.b @(var2),rlh sget 40, Zero=0, Carry=1 
mov .b @(varl),rll iget 40, Zero=0, Carry=1 
4. subx rlh, rll 740-3F-borrow, Zero=0, Carry=0 
“mov.b r1l1,@ (vari) sstore 2nd result (00), Zero=1, Carry=0 


In the final analysis, to make things much simpler for the user, it is recommended that the SUBX 
instructions always follow other subtraction instructions IMMEDIATELY. The resulting Zero flag 
status would also the user to determine the status of his complete result. 
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H8/500 CPU 


Application Note 
TechnicalQ & A 


How to Use Microcomputer Technical 
Questions and Answers 


Technical Questions and Answers has been created by arranging technical questions actually 
asked by users of Hitachi microcomputers in a question-and-answer format. It should be read for 
technical reference in conjunction with the User’s Manual. 


Technical Questions and Answers can be read before beginning a microcomputer application 
design project to gain a more thorough understanding of the microcomputer, or during the design. 
process to check up on difficult points. 
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Technical Question and Answer 


Product - H8/500 CPU. Q&A No.| QA8500 - 001B 


Topic Register contents after power-up reset 
Question 


1. What are the CPU register contents after a power-up reset? 


Answer 


In minimum mode, the program counter is loaded from the. 
vector table. The interrupt mask bits (19, 1,, Ip) in the status 
register (SR) are set to 1, and the trace bit (T) is cleared to 
0. Registers RO to R7, the base register (BR), and the other 
SR bits have undetermined values. 


In maximum mode the code page register (CP) is loaded 
from the vector table. Other page registers have 
undetermined values. Registers other than the page 
registers are the same as in minimum mode. 
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Product | H8/500 CPU Q&A No. 


Page registers in single-chip mode and expanded minimum modes 


! . Classification—H8/500 
1. Can the DP, EP, and TP page registers be used as data Registers 


; Beas Read timing 
registers in the single-chip mode and expanded minimum Write timinc 
modes? 


Interrupts 

Reset 

External expansion 
Power-down state 





QA8500 - 002B 






















Instructions 
Software 
Development tools 


Miscellaneous 
Related Manuals 
Manual Title: 






Answer — 


1. Yes, but since the page registers are control registers, they 
can only be accessed by system control instructions (LDC, 
STC). ; 
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Technical Question and Answer 


| Product _ H8/500 CPU Q&A No. 


Topic DP contents in unconditional jump within page 


Question 
If the JMP @RO unconditional in-page jump instruction is 
executed in expanded maximum mode, are the data page 
(DP) register contents used in calculating the effective 
_address? 


Answer 


1. The DP contents are not used in calculating the effective 
address of an unconditional jump within the same page. 


If the JMP @RO instruction is executed to jump within the 
same page, the RO contents are loaded into the program 
counter (PC), but the code page (CP) register value does 
not change. The DP contents are therefore ignored. 
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- Technical Question and Answer 


Product | H8/S00 CPU t* Q&A No.| QA8500 - 0048 


Topic Interrupt sampling and acceptance 


Question Classification—H8/500 
i 
1. When are external interrupts (NMI, IRQ,) sampled? |__| Registers 





| | Readtiming 
|__| Writetiming 
}O| Interrupts 


| | ~Reset | 
| | External expansion 
|| Power-down state 


Software 
Development tools 


Miscellaneous 


: - Related Manuals 


1. Level-sensitive interrupts (IRQ) are sampled on the rising manele: 
edge of the system clock. Edge-sensitive interrupts 
(external interrupts other than IRQo) are sampled on the 


falling edge of the system clock. Other Technical 
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Technical Question and Answer 


H8/500 CPU | @&A No. | QA8500 - 0068 | 


Holding of disabled external interrupts 



























Classification—H8/500 
} , 
1. In the following two cases, are external interrupts (IRQ,,) — Beateiers —____ 
See pename [| Writetiming 
(1) IRQ, enable bit is cleared to 0 in on-chip register [ TRestt ~—~Y 
field |__| External expansion | 
(2) IRQ, interrupt priority level < interrupt mask level -—| Pewer-dowe state __ state 
set in status register (SR) Ae SRE 
|__| Instructions 
| | Software 
|__| Developmenttools 
= Se eee 
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| | Miscellaneous 






Related Manuals 
Manual Title: 


1. (1) In this state, the interrupt request signal is not 
sampled and the interrupt is not held pending. 
Interrupt requests made in this state will be ignored 
even. if the IRQ, enable bit is later set to 1. 
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Documentation 
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(2) An interrupt that is requested in this state is held 
pending in the CPU’s interrupt controller. If the 
interrupt request mask level is later reduced to a 
value lower than the external (IRQ,,). interrupt 
priority level, the interrupt will be accepted. - 









Related Microcomputer 
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Title: 


IRQp is level-sensitive, however, so it is not held 
pending. 
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Additional Information | 


The interrupt request mask level is set in bits Iy to Ip in the status register (SR). 
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Technical Question and Answer 


| Product _ H8/500 CPU -| Q&A No. | QA8500 - 008A 


Topic Disabling of invalid instruction exceptions | 


7 Classification—H8/500 
1. Can exception handling of invalid instructions be disabled? 


How does the exception handling routine terminate? | 





Write timing 
Interrupts 

Reset 

External expansion 

Power-down state 


Instructions 
Software 
Development tools 


a oe ; Related Manuals 


No, it cannot be disabled. Manual Title: 


The invalid instruction exception handler cannot be 
terminated by returning with an RTE instruction. Use some 
other software technique, such as jumping to the reset 
routine. 
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Technical Question and Answer 


Product | H8/500 CPU Q&A No. | QA8500 - 028A — 1 


Topic Interrupt contention while waiting for instruction execution to end 






















Question Classification—H8/500 
1. Suppose an interrupt occurs during execution of an — paar —__ 
instruction, then during the waiting state before the | Write timing” 
instruction ends another, higher-priority interruptoccurs. [O| Interrupts 
Which interrupt does the CPU accept? | | Reset | 
|__| Externalexpansion 
|_| Power-down state 
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Related Manuals 
Manual Title: 


1. The CPU accepts the interrupt with the highest priority 
level four states before the time of acceptance. (See the 
next page.) The interrupt mask level in bits I, to Ip is not 
changed until the status register (SR) has been saved onto 
the stack. 
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Vector address 


Internal address bus C XX _XXSP2X  SP-4 ot XX 
| | Vector 


Internal data bus 
(16 bits) ——{_)>—_)—“Pe)> ——‘sa) +# ——*_)———_) 


Interrupt source 1 (A) . 
(priority level = 6) ee 
(B) 


Interrupt source 2 ! 
(priority level = 7) 7 ee ee eee 


1 
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Interrupt source 1 is 
input but not accepted 
because of instruction 
execution. 


(D) 
| bits 


in SR Level before interrupt ) Priority level of accepted interrupt 


Interrupt sources 1 Waiting for interrupt interrupt 


and 2 contend. priority d 
Interrupt source 2. ed of in 
is selected. 

(C) The instruction being 
executed ends. The CPU 
accepts interrupt source 2. 

(D) The I bits in the status register 
are changed to level 7. 


ecision and jcycle vector 
struction 


tT 


interrupt accepted 


Note: Conditions: minimum mode with the program and stack areas both 
in on-chip memory and interrupt handler starting at an even address. 
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Answer 


latched again. 
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[Product | H8/500 CPU Q&A No. | QA8500 - 030A ~ 1 
Time of clearing of IRQ, interrupt request signal 


1. There are no interrupt request flags for edge-sensitive 
external interrupts (IRQ,). When are these requests 


1. The interrupt request is cleared during the internal cycle in 
which the interrupt is accepted, as indicated by the arrow 
_in the diagram on the next page. If the same interrupt 
request signal (IRQ,,) occurs after this time, it will be 
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Technical Question and Answer 


Product | H8/500 CPU Q&A No. | QA8500 - 030A — 2 


Topic | Timing of clearing of IRQ, interrupt request signal 


Answer 


g 


Internal address bus 


IRQ, (edge-sensed) 


Internal data bus (16 bits) 


Internal read signal 


Internal write signal 


Interrupt accepted 


(1) Instruction prefetch address (2) Instruction code 


Taken from the User’s Manual 
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Product ' H8/500 CPU 


Topic Requirements for enabling interrupts 


Question \ Classification—H8/500 
Registers 

Read timing 

Write timing 

Interrupts 

Reset 

External expansion 
Power-down state 


1. Why do we fail to get an interrupt even though the 
interrupt request enable bit (IRQ, ) is set to 1 and the 
interrupt request signal (IRQ,,) is asserted? | 


Instructions 
Software 
Development tools 


| | Miscellaneous 


Related Manuals 


1. To enable interrupts to be accepted, software must: Manual Title: 


(1) Set the interrupt enable bits for the desired interrupt 
sources to 1. | 


Other Technical 
(2) Set values in the interrupt priority registers (IPRs). Documentation 


(3) Set the desired interrupt request mask level in bits I, Document Name: 


to Ip in the status register (SR). 


Check the above points. 


| Related Microcomputer 
Technical Q&A 


Title: 
Additional Information 


A reset initializes all IPR values to 0 and sets bits I> to Ip all to 1, masking all interrupts except 
NMI. 
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Technical Question and Answer | 


[Product | H8/S00CPU «| QRANo. | QA8500 - 032A 


Topic Maximum wait after BREQ 


| Classification—H8/500 | 


Registers 
Read timing 
_ Write timing 
Interrupts 
Reset 


1, What is the maximum waiting time from input of an 
external bus request signal (BREQ) until the CPU replies 
(BACK)? 


External expansion 
Power-down state 


Software 


Development tools 


7 a Related Manuals 


Manual Title: 


The maximum waiting time is 10 to 17 states. This occurs 
if the CPU started executing the MOVFPE or MOVTPE 
instruction (which transfers data in synchronization with 
the E clock) just before BREQ was asserted. Because 
MOVTPE and MOVFPE execute in synchronization with | Documentation 
the E clock, the number of states varies depending on the [Document Name: 
timing of the start of execution. 
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Product | H8/500 CPU Q&A No.} QA8500 - 034A 


Clearing of interrupt request enable bits and pending interrupts 
Classification-—-H8/500 
| Registers 


While an IRQ, interrupt is being held pending because its a 
priority is equal to or less than the interrupt request mask = 


level in the status register (SR), does clearing the IRQ, 
enable bit (IRQ,E) also clear the IRQ,, interrupt request? 




















Reset 
External expansion 
Power-down state 


Software 
Development tools 


Miscellaneous 
Related Manuals 
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When an IRQ,, interrupt request is held pending because of 
the interrupt request mask level (I, to Ig), the request 
remains pending even if IRQ,E is cleared to 0. 













The IRQ, interrupt will be accepted later when the Hdd cee 
interrupt request mask level is reduced to a value less than 






the IRQ, priority level. 

a 
IRQ,E 1 | ae 
RQ, \ 

(priority level 3) 


Interrupt request Interrupt requested 


Additional information 


IRQp is level-sensitive, so it is not held pending, regardless of whether IRQoE is set or cleared. 
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Technical Question and Answer 


Product | H8/500 CPU _ 
Acceptance of NMI during NMI handling 


Question 
1. NMI has the highest priority and is always accepted. 
During the NMI interrupt handling routine, if another NMI 
| interrupt occurs will it also be accepted? 


Answer 


1. If another NMI request is made during the NMI interrupt 
handling routine, the second request will also be accepted. 


| Additional information 
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Technical Question and Answer 


[Product | H8/500 CPU Q&A No. | QA8500 - 0098 - 1 
NMI sampling and acceptance immediately after a reset 


When is the NMI signal first sampled after a reset? 





















Development tools ; 






Miscellaneous 






: Related Manuais 
1. Sampling of the NMI signal starts from the first falling | Manual Title: 





edge of the system clock at which the reset signal is high. 
The NMI interrupt becomes acceptable when the first 
instruction has been executed after the chip comes out of 
reset. 















Other Technical 
Documentation 
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Title: 
Additional Information 


The reset and NMI signals are both sampled on the falling edge of the system clock. 





(See next page) 
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Technical Question and Answer 


| Product _ H8/500 CPU | Q&A No.| QA8500 - 009B - 2 | 


Topic NMI sampling and acceptance immediately after a reset | 


[Example] 














NMI not sampled NMI sampled 
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Technical Question and Answer 


Product | H8/500 CPU | Q&A No. | QA8500 - 010B 
Stack pointer initialization immediately after a reset 


Classification—H8/500 
1. Why is it necessary to initialize the stack pointer 
immediately after a reset? | 
| Interrupts 


External expansion 
Power-down state 
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"Development tools 


Development tools 


eet es ) 
Answer . Related Manuals 


If the NMI request signal is active when the chip comes 
out of reset, the NMI interrupt will be accepted as soon as 
the first instruction has been executed. To prevent program 
crashes, you should therefore initialize the stack pointer Other Technical 
immediately after the reset. Documentation 

| Document Name: 


Related Microcomputer 
Technical Q&A 
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| Technical Question and Answer 


Product | H8/500 CPU | [Q&A No.| QA8500 - 037A 


Pin states at power-up reset 
| 


1. What needs to be noted about pin states at a power-up 
reset? 















Classification—H8/500 _ 
Registers 
Read timing 
Write timing 


Reset 
External expansion 
Power-down state 


Software 
Development tools 


Miscellaneous 
Related Manuals 
Manual Title: 






At a power-up reset, the mode pins (MD to MDo) must be 
tied to the desired mode setting and the STBY pin must be 
held high. Output from the ¢ and E pins is unpredictable 
until the clock oscillator settles into steady oscillation. 













Other Technical 
Documentation 


Document Name: 





Related Microcomputer 
Technical Q&A 


Additional Information oe | _ | | 


When using a microcontroller that multiplexes the g and E pins with general-purpose input ports, 
connect a resistor with a resistance of several kilohms in series with these pins. 
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Technical Question and Answer 


| Product _ H8/500 CPU Q&A No. | QA8500 - 011B 


Topic Hardware standby mode entry timing 





Question Classification—H8/500 


1. Are there any restrictions On times t, and ty in the diagram Poy Reginters 22 | 
|_| Readtiming 


below for entering hardware standby mode? Write timing 
Interrupts 


External expansion 
Power-down state 


Instructions 
Software 
Development tools 


Miscellaneous 
Related Manuals 
Manual! Title: 


1. The following restrictions apply. 


(1) To hold RAM contents, ty must be at least 10 system 
clock cycles. The minimum value of ty is O ns. 


| Other Technical 
When it is not necessary to hold RAM contents, there | Documentation 


is no restriction on t; and ty. : Document Name: 
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Technical Question and Answer 


Product | H8/500 CPU | Q&A No.| QA8500 - 0138 | 
Instruction execution at changeover to hardware standby mode ; | 


‘Question Classification—H8/500 
When a low STBY input drives the chip into hardware |__| Registers 


standby mode, what happens to the instruction currently — Read mening 

being executed? fie tian ees 
|| Reset 
|__| External expansion 
| O | Power-down state 
eee | 
a eee eee 
|__| Instructions 


|_| Software 
|__| Development tools 
= eS eae, 


(Ped See ee, 

2 ea ee eee 

Prine: 

| | Miscellaneous | 
Related Manuals 


Manual Title: 


















































Answer 


1. The instruction being executed is aborted, without being 
completed. Normal execution of the instruction is not 
assured. 




















| Other Technical 
Documentation | 


Document Name: 













Reiated Microcomputer 
Technical Q&A 


| 





Additional information 








| HITACHI 
Hitachi America, Ltd.e San Francisco Center « 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 © (415) 589-8300 


Technical Question and Answer 


Product | H8/500 CPU | Q&A No.| QA8500 - 0148 


Topic Mode pins in hardware standby mode 


Classification—H8/500 


1. What happens if the states of the mode lines (MD, to 
MDp) are changed during hardware standby mode? 


Registers 
Read timing 
Write timing 


Reset 
External expansion 
Power-down state 


Software 
Development tools 


Miscellaneous 


Related Manuals 


1. Hardware standby mode will not operate correctly. Do not Manual Title: 
change the state of the mode lines during hardware standby 
mode. 


Other Technical 
Documentation 


Document Name: 
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SECTION 





- Technical Question and Answer 


H8/500 CPU | Q&A No.| QA8500 - 016B _ 


Topic Recovery from hardware standby mode 
Question | | | Classification—H8/500 


1. The chip must b be recovered from hardware standby mode — Resistors —_.__. 
by holding RES low, then driving STBY high. How long [| Writetiming. 
cea p 


before STBY goes high does RES have to go low? 
|_| Reset 


External expansion 
-Power-down state 


Instructions 
Software 
Development tools 


Miscellaneous 


eae 
0} 
Het 
al 
| | 
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an 
| 
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ees 
7 ee 
| Related Manuals 


To recover from hardware standby mode, drive RES low at | Manual Title: 


least 100 ns before driving STBY high. 


Other Technical 
Documentation 


Document Name: 


Related Microcomputer 
Technical Q&A . 
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Technical Question and Answer 


Product | H8/500 CPU Q&A No. | QA8500 - 0198 








Topic Notes on entering sleep mode 










Classification—H8/500 

{L_| Registers 
|_| Readtiming i 
|_| Writetiming 


Reset 
External expansion 
Power-down state 






Question 
1. Are there any points to note about entering sleep mode? 






Software 
Development tools 


Miscellaneous 
Related Manuals 
Manual Title: 






Answer 


1. The points listed below should be noted, depending on the 
method used to recover from sleep mode. 
















Recovery Method 
NMI Interrupt IRQ, Interrupt edad Parc i 
Clear all interrupt enable Set bits Ip to Ip in SR to a level 
bits to 0, or set bits lp to lp in lower than the priority level of 
SR all to 1. the interrupt used for recovery, 











clear interrupt enable bits to 0 
except for interrupts used for 

recovery, and make sure NMI 
is not requested. 
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Technical Question and Answer 


H8/500 CPU ~ | Q&A No. | QA8500 - 020B | 


Topic Interrupts during fetching and execution of SLEEP instruction 


Question Classification—H8/500 


1. What happens if an interrupt is accepted while the SLEEP —} Resistors —____ 
instruction is being executed? Write timino 


Reset 
External expansion 
Power-down state 


Software 
Development tools . 


en Ee ee 
7 | | Miscellaneous 
Answer ; Related Manuals 


1. Sleep mode is released to handle the interrupt. At the end |Manual Title: 
of interrupt handling, the next instruction after the SLEEP 
instruction is executed. | 


Other Technical 
Documentation 


nt 


Related Microcomputer 
Technical Q&A 
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Technical Question and Answer 


Product | H8/500 CPU Q&A No.} QA8500 - 021B 


Sampling and acceptance of interrupts during sleep mode 


Classification—H8/500 
1. When are external interrupts sampled during sleep mode? 


Registers 

Read timing 

Write timing 
Interrupts 

Reset 

External expansion 
Power-down state 


If an interrupt is sampled, how many system clock cycles 
later does the chip wake up? 


Instructions 
Software 
Development tools 


. Related Manuals 


1. Level-sensitive interrupts (IRQp) are sampled on the rising mendal ile: 
edge of the system clock and edge-sensitive interrupts 
(external interrupts other than IRQg) are sampled on the 
falling edge of the system clock, just as in active mode. 
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Other Technical 
Documentation 


2. The chip exits sleep mode six system clock cycles after the Document Name: 


interrupt is sampled. 
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| Technical Question and Answer 


a 













Topic Execution time for entering software standby mode 


[auestion| 
1. 


How many states does it take to enter software standby 
mode by executing the SLEEP instruction? 









Classification—H8/500 — 
Registers 
Read timing 
Write timing 
Interrupts 
Reset 
| | External expansion 


| © | Power-down state 
eas 



















[Instructions 
Development tools 


ea aes 
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ir eres 7 
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|__| Miscellaneous 

Related Manuals 


Manual Title: 


Other Technical 
Documentation 


welt 


Related Microcomputer 
Technical Q&A | 















Answer 


1. Two states. 












Additional Information 





"Section HITACHI oo 
130 5 Hitachi America, Ltd. « San Francisco Center * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 © (415) 589-8300 


Technical Question and Answer 


Product | H8/500 CPU Q&A No.| QA8500 - 0238 


Topic BRN instruction | 


Classification—H8/500 
1. What sort of instruction is BRN (or BF)? 
| | 


Reset 

External expansion 
Power-down state 
instructions 


Software 
Development tools 


Miscellaneous _ 


Related Manuals 


1. BRN is similar to a NOP instruction, but it has a different mantel Tile: 
byte length and executes in a different number of states. 
See below. 


Number of States _| Other Technical 
Byte Length Required for Execution Documentation 


BRN 4:8 2 3* Document Name: 


d:16 3 3* 
NOP 1 2* 


* When instruction is fetched from on-chip ROM Leena gil aaa 


BRN has the same byte length as Bcc, for example, which 
makes it useful in debugging. | 


Additional Information 
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Technical Question and Answer 


H8/500 CPU | Q&A No. | QA8500 - 033A 


Reserved addresses in interrupt vector area 















Preac 


1. Can the reserved addresses in the interrupt vector area be 
used to store program code? 







Classification—H8/500 
Registers | 
Read timing . 
Write timing 
Interrupts. 
Reset 
External expansion 
Power-down state 





Instructions 
Software 
| Development tools 










Related Manuals 
Manual Title: 


Answer 


1. Yes, they can. 






= 
7 
re) 
2 
ro) 
5 
© 
1°) 
c 
” 


Other Technical 
Documentation 


Document Name: 






Related Microcomputer 
Technical Q&A 








Additional information 





Section HITACHI . 
132 5 Hitachi America, Ltd. ¢ San Francisco Center * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 * (415) 589-8300 





Technical Question and Answer 


| Product H8/500 CPU Q&A No.| QA8500 - 029A 


Access to on-chip registers while bus is released 
| Question | Classification—H8/500 


Question 
1. When the H8/500 CPU releases the bus to an extemal 
device, can the external device (bus master) access the ; 


H8/500’s on-chip registers? 


















Reset 
External expansion 


Power-down state 
Development tools 


| O | Miscellaneous 


Related Manuals 
Manual Title: 






Answer 


1. No. On-chip registers cannot be accessed externally under 
any circumstances. 






Other Technical 
Documentation 


Document Name: 
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H8/500 Series 


Application Note 
Technical Q & A 





Preface 


The H8/500 Series is a series of highly integrated single-chip microcontrollers. Their CPU core 
has an internal 16-bit architecture, and each chip includes diverse high-performance peripheral 
hardware. 


These technical questions and answers relate to the H8/510, H8/520, H8/532, H8/534, and 


REESE Ti A TE TO a a ce 





H8/536. 
H8/500 Family 
item H8/510 H8/520 H8/532 H8/534 H8/536 
CPU H8/500 H8/500 H8/500 H8/500 H8/500 
Memory ROM Masked ROM — 16 kbytes 32kbytes S32kbytes 62 kbytes 
ZTAT™*2 No Yes . Yes Yes Yes 
RAM —_— 512 bytes 1 kbyte 2kbytes 2 kbytes 
Address space (bytes) 16M 1M 1M 1M 1M 
External data bus width (bits) 8/16 8 8 "8 8 
Timers 16-bit free-running timer 2 ch 2ch 3ch 3ch 3ch 
8-bit timer ich 1 ch 1 ch 1 ch 1 ch 
Watchdog timer 1ch 1ch 1 ch 1 ch teh 
PWM timer — —_ 3 ch 3 ch 3 ch 3 
Serial communication interface 2ch 2ch 1 ch 2ch 2ch 5 
(async/sync) | 7) 
A/D External 10 bits, 10 bits, 4 or 10 bits, 10 bits, 10 bits, 
converter trigger input 4 channels, 8* channels, 8 channels, 8 channels, 8 channels, | 
- trigger trigger no trigger notrigger no trigger 
Interrupts External interrupts 5 9 3 7 7 
Internal interrupts 18 18 19 23 23 
I/O ports 60 50/541 «65 65 65 
Packages QFP-112 DILC-64S LCC-84 LCC-84 LCC-84 
(windowed) (windowed) (windowed) (windowed) 
DILP-64S PLCC-84 PLCC-84 PLCC-84 
PLCC-68"1 QFP-80  QFP-80 QFP-80 
QFP-64, 
_ Notes: 1. PLCOC-68 package 
2. ZTAT™ is a registered trademark of Hitachi, Ltd. 
j 
HITACHI _ Section 
Hitachi America, Ltd. ¢ San Francisco Center ¢ 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 * (415) 589-8300 5 135 


How to Use These Technical Questions and Answers 


Technical Questions and Answers has been created by arranging technical questions actually 
asked by users of Hitachi microcomputers in a question-and-answer format. It should be read for _. 
technical reference in conjunction with the User’s Manual. . 


Technical Questions and Answers can be read before beginning a microcomputer application 
design project to gain a more thorough understanding of the microcomputer, or during the design 
process to check up on difficult points. 


(For questions and answers about the H8/500 CPU, see 18/500 CPU Microcomputer Technical 
Questions and Answers.) 
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Technical Question and Answer 


Product | H8/500 Q&A No.| QAS00 - 0018 
Address bus, data bus, and control line states during access to on-chip address space 


Question | 
1. What values are output on the following lines when on- -Setware 7; ——— 

chip memory or the on-chip register field is accessed? 
| PWM 
|__| Power-down modes __| 
|__| Elec. characteristics | 
|__| Exception handling 
|__| Businterface 
|__| Externalexpansion 
|__| Developmenttools 
|__| Miscellaneous 


Related Manuals 


Manual Title: 


Other Technical 
Documentation 


Document Name: 

















(1) Address bus 
(2) Data bus 


(3) Bus control signals 





























(1) The address bus carries the address data, regardless of 
whether the access is to an on-chip or off-chip address. 






(2) The data bus is in the high-impedance state for both read 
and write access by the CPU to an on-chip address. 












(3) The R/W signal is low for write access and high for read 


access. The other control signals (AS, DS, RD, WR) are 
high. | 
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Technical Question and Answer 
QAS500 - 046A 


Programming the H8/536 ZTAT 


Question _ Classification—H8/536 
Software 
On-chip ROM 
On-chip RAM 
Clock 
Timers 
Serial /O 
A/D . 
PWM 
DTC 
/O ports 
Power-down modes 
Elec. characteristics 
Exception handling 
Bus interface 
External expansion 
Development tools 
Miscellaneous 


) Related Manuals 


When programming the H8/536, you must set your PROM Manual Title: 
writer to memory type HN27C101 and either write H'FF 

_ data in addresses H'F680 to H'1FFFF or set H'F67F as the 
end address. | 


We are having trouble programming the ZTAT version of 
the H8/536. Are there any precautions we may be missing? 


Other Technical 
Documentation 


Be sure to use byte programming mode. The H8/536 does Document Name: 


not support page programming. 
Related Microcomputer 
Technical Q&A 


Additional information . 


Some PROM writers do not support byte programming for the HN27C101. 
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Technical Question and Answer 
edoa [vance —SSC=ina ne [nom 


EXTAL and system clock output line 
: Ciassification—H8/500 
1. During external clock input, what is the phase relationship — Software — 
between EXTAL and the system clock output line [On-chip RAM 
(g output)? pO] Clock 
|_| Timers 
| | Serial VO 




































22.) ee 
po ONG 
| | WOpors 
|__| Power-down modes | 
|__| Elec. characteristics 
|__| Exception handling 
|_| Businterface 
|__| External expansion 
|__| Developmenttools 
|_| Miscellaneous 


Related Manuals 


Manual Title: 


Other Technical 
Documentation 


Document Name: 
























1, During external clock input, the phase relationship 
between EXTAL and the system clock output line is as 
shown below. : 
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Approx. 40 ns internal delay 












@ output 
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Additional Information 


The internal delay value is not guaranteed. 
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Technical Question and Answer 


H8/500 | Q&A No.| QA500-047A_— 
External clock specifications 7 


Question | Classification—H8/500 
Software 
1. When an external clock is supplied to the EXTAL pin, 
what are the rise-time and fall-time requirements? 


On-chip RAM 
Clock 

Timers 

Serial /O 


I/O ports 
Power-down modes | 
Elec. characteristics 
Exception handling 
Bus interface 
External expansion 

/ Development tools 


| Related Manuals 
1. For a20-MHz clock, the rise time (tc,) and fall time (tc) prantial Tie: 
should both be approximately 5 ns. 


External clock | Other Technical 
(EXTAL) | | Documentation 
Document Name: 


tcr tor 
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Technical Question and Answer 


Product | H8/520, 532, 534, 536 Q&A No.| QA500 - 003B 


Topic External clock input 


Question 

1. For external clock input, the Hardware Manual shows an 
example of a circuit using a 74HC04 (see below). Why is 
the 74HC04 necessary? 


EXTAL | | | | | External clock input 


74HC04 


























Classification—H8/532 

Software 

On-chip ROM 

On-chip RAM 

Clock 

Timers 

Serial 1/O 

A/D 

PWM 

DTC 

VO ports , 

Power-down modes 

Elec. characteristics 

Exception handling 
|__| Businterface ss 
|__| Externalexpansion 
|__| Developmenttools 
|__| Miscellaneous 


Manual Title: 


The 74HC04 is necessary to assure stable operation at high 
clock rates. 












XTAL 













Answer 


1. Ifthe XTAL pin open is left open, operation may become 
unstable. 












a 


Related Microcomputer 
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Additional Information ie 


Note: The XTAL pin can be left open if the external clock rate is 16 MHz or less. For masked- 
ROM versions and the H8/510, the XTAL pin can be left open for external clock rates up 
to 20 MHz. 
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: Technical Question and Answer 


Product | H8/520, 532,534,536 | Q&ANo.| QA500 - 048A 


Topic External clock input (2) 


| | Classification—H8/532 
The H8/500 Series User’s Manuals (except H8/510) show Sorware OM 
a circuit using a 74HC04 for external clock input. (See On-chio RAM 
diagram on previous page.) Can an ALS-TTL, for Clock 
example, be used instead? » | Timers | 
Serial /O 
A/D 
PWM 
DTC 
/O ports 
Power-down modes 
Elec. characteristics 
Exception handling 
Bus interface 
External expansion . 
Development tools 
Miscellaneous 


. Related Manuais 


1. AnALS-TTL device can be used if its propagation delay | Manual Title: 
time and drivability are equivalent to the 74HC04. 


Other Technical 
Documentation 


Document Name: 


Related Microcomputer 
Technical Q&A 


Title: 
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Technical Question and Answer 


H8/500 Q&A No. | QA500 - 006B 
External clock input to 16-bit FRT 


| | Software 
P PWM 


| | Miscellaneous 
Related Manuals 
Manual Title: 






Prout 


1. When the external clock source is selected for the 16-bit 
free-running timer, what is the minimum pulse width of the 
external clock (FTCI)? 
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1. The minimum pulse width of the external clock is 1.5 
system clock cycles. 
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FTCI input 
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Technical Question and Answer 


Topic Input capture signal for 16-bit FRT 
| Classification—H8/500 


If an FRT input capture line (FTI) is multiplexed witha  |——|Software__ 


| : On-chip ROM | 
general-purpose input/output port that is used for output, —~ On = > RAM 
will the rise and fall of the output data update the input 


capture register? 


Clock 
Timers 
Serial /O 


/O ports 
Power-down modes 
Elec. characteristics 
Exception handling 
Bus interface 
External expansion 
Development tools 
Miscellaneous 


Related Manuals 


1. Yes, The input capture register will be updated by output Manual Title: 
on the input/output line, on the edge selected by the input 
edge select bit IEDG) in the timer control/status register 
(TCSR). 
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Technical Question and Answer 


‘|Product | 18/500 Q&A No.| QA500 - 0098 - 1 
Access timing to FRC in 16-bit FRT 


Question Classification—H8/500 
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Clock 
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/O ports 
Power-down modes 
Elec. characteristics 
Exception handling 
Bus interface 
External expansion 
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Related Manuals 


The access timing of the 16-bit timer’s FRC is shown on _ | Manual Title: 
the next page. 


1. What is the read and write timing of the free-running 
counter (FRC) in the 16-bit free-running timer (FRT)? 


Word access (or two successive byte accesses) should be 


. Other Technical 
used. The upper byte has to be accessed first. Documentation 
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Product | H8/500 : | Q&A No. | QAS00 - 0098 - 2 


Topic Access timing to FRC in 16-bit FRT 




















Answer | 
One bus cycle One bus cycle ———~ 
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Internal address bus 
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Internal read signal 






‘ H8/500 CPU read : H8/500 CPU read 
Internal data bus - 1 FRCH 1 TEMP 
FRC 2 ae 


FRC Access Timing (read) 


Operation when register is read | | 
When the upper byte is read, the upper byte value is passed to the CPU and the lower byte value 
is transferred to TEMP. Next, when the lower byte is read, the lower byte value in TEMP is 
passed to the CPU. 







One bus cycle One bus cycle ————> 
: —T; Tp 


eum Site 
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Internal address bus 


Internal write signal 7 
H8/500 CPU write H8/S00 CPU write 


To Ts 
Internal data bus High data : Low data 

| | (High data—> TEMP) |(Low data > FRCL, TEMP! FRCH) 
= NC Wi ta 


FRC Access Timing (write) 
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Operation when register is written 

When the upper byte is written, the upper byte value is stored in TEMP. Next, when the lower 
byte is written, it is combined with the upper byte value in TEMP and all 16 data bits are written 
in the register. 
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H8/500 Q&A No. 


TCNT of 8-bit timer 






QA500-011B 










Proavat 


1. When acompare-match signal clears the timer counter 
(TCNT) to H'00, does TCNT remain at H'00, or does it 
start counting up from H'00? 
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Related Manuals. 
Manual Title: 


Answer 


1. TCNT starts counting up from H'00. 
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Technical Question and Answer 


WDT when system clock stops 


Classification—H8/S00 


1. If the system clock stops, will the watchdog timer (WDT) Software 


On-chip ROM 
detect anything wrong? On-chip RAM 


Clock 
Timers 
Serial 1/O 
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VO ports 
Power-down modes 
Elec. characteristics 
Exception handling 
Bus interface 
External expansion 
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1. If the system clock for the whole chip stops, the WDT Manual Title: 
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count also stops, so the WDT cannot detect the failure. 
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Technical Question and Answer 


H8/532 | Q&A No. |} QA500 - 013B | 


NMI requested by WOT | 
Classification—H8/532 


2. eee 
| PWM 


Related Manuals ae, 


Manual Title: 









Topic 


1. Howcan you distinguish between an NMI interrupt 
requested from the NMI pin and an NMI interrupt 
requested by the watchdog timer (WDT)? 
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Answer 


1. When the WDT requests an NMI interrupt, it sets the 
overflow bit (OVF) in the WDT timer status/control 
register (TCSR) to 1. You can detect this by software. 














| OVF Bit in TCSR | Other Technical 
; Documentation 
NMI requested by input signal from pin 0 
NMI requested by WDT | 1 
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Additional Information 


When the WDT is used in interval timer mode, IRQg interrupts can be discriminated in the same 
way. (H8/520, H8/532) 
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- Technical Question and Answer 


H8/500 , Q&A No. | QA500 - 018B 


input/output designation of SCI clock pin 
Question 


1, When the SCI is used, is the serial clock pin designated for 
input or output by writing a 0 or 1 in the data direction 
register (DDR) of the corresponding port? 















Classification—H8/500 
|_| Sofware sd 
| On-chipROM 
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| | On-chip RAM 

Clock 

|| Times 
|O| Serial VO sd 
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PWM 

DTC 

1/O ports 
Power-down modes 
Elec. characteristics 
Exception handling 
Bus interface 
External expansion 
Development tools 


















Answer 


1, When you use the SCI, the input or output setting of the 
clock line depends on the communication mode bit (C/A.) 
in the serial mode register (SMR) and the clock enable 1 
and 0 bits (CKE1 and CKEO) in the serial control register 
(SCR). You don’t have to set the DDR. 


Related Manuals . 
Manual Title: 









= 
oa 
° 
© 
re) 
3 
® 
oO 
c 
a 







Other Technical 
Documentation 


Document Name: 








Related Microcomputer | 
Technical Q&A 








Additional Information 





Section . . | . HITACHI . , 
152 § Hitachi America, Ltd. * San Francisco Center * 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


Technical Question and Answer 


| Product | H8/500 Q&A No.| QA500 - 0198 
Serial I/O line status 


Classification—H8/500 


After input/output ports multiplexed with TxD, RxD, and cower 
SCK lines have been used for serial communication, On-chio RAM 
suppose they are redesignated as I/O ports by settings Clock 

made in the serial control register (SCR) or serial mode 


Timers 
register (SMR). Serial /O 


What values will the corresponding data direction register PWM 


in? 
(DDR) contain? /O ports 


Power-down modes 
Elec. characteristics 
Exception handling 
Bus interface 
External expansion 
Development tools 


Related Manuals 


SCI operations do not affect the contents of the DDR bits Manual Title: 
of input/output ports. Given the conditions you describe, 
the DDR bits will retain the values they had before the pins 
were used for serial communication. 
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Technical Question and Answer 


H8/500t | Q&A No.| QAS00 - 021B -1 


RDFF bit set timing | 


Topic | 

Question  . -L_ Classification—H8/500_ 
When data reception is completed, the receive data register Soe 

full bit (RDRF) in the serial status register (SSR) is set to [—TGn-chip RAM 

1. At what timing does this occur in asynchronous mode? [| Clock = sd 

Timers 

Serial /O 


















2. At what timing does this occur in clocked synchronous 
mode? 


/O ports 
Power-down modes 
Elec. characteristics 
Exception handling 
Bus interface 
External expansion 
Development tools 
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Manual Title: 
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See the next page. 
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Topic RDRF bit set timing 


Tanewer_| 


1. The RDFF bit is set to 1 after the fall of the next data sampling clock after the MSB of the 


data is received. (See the diagram below.) 


1234567 8 9 101112131415161 2345 6 7 8 9 1011121314 1516 


Basic clock 


Receive data 


Data sampling 


RDRF 


8-Bit Data, 1 Stop Bit, Internal Clock 


2. The RDRF bit is set to 1 after the rising edge of the serial clock cycle in which the MSB of 


the data is received. (See the diagram below.) 


Serial clock 


Receive data 


-— 0.5 to 1.54a 


| 


8-Bit Data 
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Technical Question and Answer 


Product _ -H8/500 Q&A No.| QAS500 - 022B - 1 
TDRE bit set timing | | 


| | Classification—H8/500 
When eight data bits have been transmitted, the transmit Sotware 
data register empty bit (TDRE) in the serial status register On-chio BAM 
(SSR) is set to 1. At what timing does this occur in Glock 
asynchronous mode? 





Timers 
Serial /O 
At what timing does this occur in clocked synchronous 
mode? 


/O ports 
Power-down modes 
Elec. characteristics 
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Miscellaneous 


Related Manuals 


The TDRE bit is set to 1 at different times depending on Manual Title: 
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whether the transmit shift register (TSR) contains transmit data 
or not. | 


1. Asynchronous mode Other Technical 
Documentation 


1.1 Transmit data present in TSR (see diagram below) Document Name: 


12345678 9 101112131415161 23 4 § 67 B 910111213914 1516 


Basic clock 


Related Microcomputer 
Receive data ‘op bit art bit Technical Q&A 


Title: 
TORE -- 0.5 to 1.50 
The timing of the start of transmission after the transmit | 
enable bit (TE) is set is similar. | 


Additional Information | 


Continued on next page. 
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Technical Question and Answer 


| Product H8/500 Q&A No.| QAS00 - 0228 - 2 


Topic TDRE bit set timing 


1.2 No transmit data in TSR (see diagram below) 
Ty Tp T3 


Internal 
write signal 


8 9 10111213141516 1 218 456 7 8 9 10111213141516 123456 7 8 9 10111213141516 
Basic clock 


TDRE 


TDRE is set in interval from 8 basic clocks + 0.50 to 24 basic clocks + 1.56 
2. Clocked synchronous mode 
2.1 Transmit data present in TSR (see diagram below) 


Serial clock 


Transmit data 


TDRE = 0.5 to 1.50 


2.2 No transmit data in TSR (see diagram below) 
Ty To Ts 


Internal write signal 


SECTION 





TORE ; 





TDRE is set in interval from 20 to 0.5 basic clock + 1.56 
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Technical Question and Answer 


RDR and DTR utilization when SCI is not used | 


Question Classification—H8/500 
1. When the serial communication interface is not used, can |_| Software 


On-chip ROM 
the following be utilized as data registers? i Oneeh 
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| | Clock 
|| Timers 
|O | Serial /O 

































(1) RDR (receive data register) 
(2) TDR (transmit data register) 


I/O ports 

Power-down modes |. 

Elec. characteristics 

Exception handling 

Bus interface 

External expansion | 

Development tools 
iscellaneous 

Related Manuals 

Manuai Title: 


OU) > 


= 
a 
© 
©. 






Answer 


1. The answer is as follows: 






(1) RDRisa read-only register, so it cannot be used as a 


data register. | 
7 ; Other Technical 
(2) TDR can be used as a data register. Documentation 
: | bing 7 Document Name: 
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Technical Question and Answer 


H8/500 Q&A No. | QA500 - 049A 


Topic RDRPF bit in SCI 
Question Classification—H8/500 
1. To receive serial data, the receive data register full bit 
‘ . On-chip ROM 
(RDRF) in the serial status register (SSR) must be cleared On-chio RAM 
to 0. What happens if 0 is written in the bit directly, 
without first reading 1? 
Serial /O 



























Related Manuals 
1. The RDRF bit retains its 1 value and is not cleared to 0. An 


Manual Title: 
overrun error occurs at completion of receiving the next 


data. 
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Similar considerations apply to the transmit data register empty bit (TDRE). 
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~ Technical Question and Answer 


SCI receive error 1 


| Classification —H8/500 


If the receive-error interrupt handler returns to the main Sorware OM 
program without clearing the overrun flag (ORER), On-chip RAM 
framing error flag (FER), or parity error flag (PER) in the 


Clock 
- serial status register (SSR) to 0, will a receive error occur Timers 
again? | 
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/O ports 
Power-down modes 
Elec. characteristics 
Exception handling 
Bus interface 
External expansion 
Development tools 

| Miscellaneous 


| Related Manuals _ 


1. After one more instruction is executed in the main program Manual Title: 
the receive error will occur again, because the error flag 
itself is the interrupt source. 
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Topic SCI receive error 2 (clocked synchronous mode) 
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i i | Software 

1. When the SCI is used in clocked synchronous mode, at — Sotware 
what time is an overrun error detected? Bene HOM. —__ RAM 
|_| Clock 
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1. The overrun error bit ORER) is set to 1 after the rise of _ | Manual Title: 


the serial clock when the most significant data bit (bit 7) is 
received. . 
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Receive data Bit 6 
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_| Question | 


Technical Question and Answer 





Topic SCI RxD input example (asynchronous mode) 


Suppose the RxD pin is being used as an input port and is 
now low. Do any precautions have to be taken in order to 
switch this pin over to its RxD function and receive serial 
data correctly? 


Do any precautions have to be taken in order to receive 
data correctly after detecting the break condition? 


Answer 


Change the RxD input to high before setting the SCI’s 
receive enable bit (RE) to 1. : 


2. Before reception of the first data, supply high input to the 
RxD line for at least one frame. 


Additional Information 
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H8/500 | Q&A No.| QA500 - 053A 
SCI transmit start (asynchronous mode) 


| Classification—H8/500 
1. In the SCI transmitting sequence, following the transfer of — sowete 7 
data from TDR to TSR, the transmit data register empty bit |_| On-chip RAM. 
(TDRE) in the serial status register (SSR)issettol,then [ | Clock = siz 
the SCI starts transmitting data. How much delay isthere [| | Timers sd 
from the time when the TDRE bit is set to 1 until output of }O| SeralVO 


the start bit? 





Topic 
































DTC 

/O ports 
Power-down modes 
Elec. characteristics 
Exception handling 
Bus interface 
External expansion 
Development tools 
Miscellaneous 
Related Manuals 
Manual Title: 


See RERESRES 
till 
= 





Answer 


1. The delay time is eight basic clock cycles (0.5¢ to 1.59). 
See the diagram below. 










12345678 9101112131415161 23.45 6 78 9 10111213141516 


Basic clock Other Technical 
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TDRE 0.5 to 1.50 


Transmit [Spot | Start 
ae 











Related Microcomputer 
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Additional Information 


The same timing applies when transmission starts from the setting of the transmit enable bit (TE). 


8 basic clock cycles (0.52 to 1.50) 
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Simultaneous transmit/receive in clocked synchronous mode 
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QA500 - 054A 


[Product 


1. During simultaneous transmitting and receiving in clocked 
synchronous mode, can data be transferred in the state 
when an overrun error has occurred? 

















































Answer 


1. Data cannot be transferred. | 





In simultaneous transmitting and receiving in clocked | 
_ synchronous mode, transmitting or receiving cannot 
proceed independently before the ORER and TDRE bits 
are both cleared to 0. 
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Technical Question and Answer 


H8/500 Q&A No. | QA500 - 055A 


Clearing the SCI’s TDRE bit 






Topic 


1. When transmitting data, will there be any data transfer 
problem if we wait until after writing transmit data in the 
transmit data register (TDR) to read the 1 value of the 
TDRE bit, then clear this bit to 0? 
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Answer 


1. Noproblem will occur. 
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If you write in TDR while the TDRE bit is 0, however, you will destroy the previous TDR data. 
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Technical Question and Answer 


Topic Start of A/D conversion 





















Classification—H8/500 


Question | 
|_| Sofware sd 


1. Software can select the start of A/D conversion by setting -—T-On-chip ROM 
the A/D start bit (ADST) in the A/D control/status register -—1On-chip RAM 
(ADCSR) to 1. What happens if 1 is writteninthe ADST | [| Clock == sd 


bit again while A/D conversion is in progress? Timers . 
Serial /O 












2. What happens if A/D conversion starts by detection of the 
falling edge of the external trigger signal (ADTRG), then 
ADTRG goes high while A/D conversion is in progress? 














I/O ports 
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Answer 


/1. Ifthe ADST bit is set to 1 again during A/D conversion, it 
will be ignored and A/D conversion will continue. 














2., Operation will be normal if the ADTRG signal is low for at 
least 1.5 cycles. After that, if the ADTRG signal goes high 
again during A/D conversion, it will be ignored and A/D 
conversion will continue. | 
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Technical Question and Answer 


H8/500 Q&A No. | QA500 - 025B © 


Topic 


Question 


1. When the A/D converter is not used, what should be done 
with the AVcc and AVss pins? 


Answer 


1. Even when the A/D converter is not used, AVcc should be 
connected to Vcc and AVsgsg to Vss. 


(Reference) 10 bit D/A 


AVcc AVcc 


Vv 
AVss Comparator 


—— 


Vss AVss 
(1) If AVcc is left open, voltage potentials in the interface to 


the digital circuits in the A/D converter will be unstable. 


(2) AVgg and Vsg are shorted inside the chip. Any potential 
difference between them will cause excessive current 
drain. | 


Additional Information 


HITACHI 





Non-use of A/D converter reference voitage lines (AVoc, AVss) | . 


Classification—H8/500 
| PWM 
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Related Manuals 
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Other Technical 
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Technical Question and Answer 





Topic . 


‘During A/D conversion, what happens if you: 


1. Change the A/D conversion mode? 


2. Change the channel selection? 


Answer 


1. Avoid changing the A/D conversion mode during A/D 
conversion. Conversion accuracy will be degraded. 


2. Avoid changing the channel selection during A/D 
conversion. The same problem will occur as in 1. 


es 


Additional Information . 


| Product _ H8/500 a Q&A No.| QA500 - 0278. 


Changing A/D conversion mode or channels during conversion 





Classification—H8/500 
Software. 
On-chip ROM 
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I/O ports 
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Elec. characteristics 
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Bus interface 
External expansion 
Development tools 
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Other Technical 
Documentation 


Document Name: 





Related Microcomputer 
Technical Q&A 


Note: Check the A/D end flag (ADF) in the A/D control/status register (ADCSR), then: 


1. Change the A/D conversion mode. 
2. Select the channel(s). : 
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Technical Question and Answer 


Product | H8/500 Q&A No.| QA500 - 028B 


Resistor ladder in A/D converter 


Question 


1. Are the analog power supplies of the A/D converter 
connected only to the resistor ladder? 


| Question | 


| Answer 


1. The analog power supplies are connected not only to the 
resistor ladder but also to analog circuits in the comparator 
etc. They also power the interface to digital circuits in the 
A/D converter. 


| Additional Information 
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Classification—H8/500 
Software 
On-chip ROM 
On-chio RAM 
Clock 
Timers 
Serial /O 


/O ports 

Power-down modes 
Elec. characteristics 
Exception handling 

Bus interface _ 
External expansion 
Development tools 
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Technical Question and Answer 


H8/500 , | Q&A No. | QA500 - 029B 


Rise time of power supplies (AVcc, Vcc) _ 















Prout 
[Fe 


1. Will any problems occur if there is a difference in rise 
times between the analog power supply (AV) and digital 


power supply (Vcc)? 
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I/O ports 
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Elec. characteristics 
Exception handling 
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External expansion 
Development tools 
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Related Manuals 
Manual Title: 






“Answer 


1. There is no restriction on the order in which AVcc and 
~ Vec are powered up. 










During the interval marked A in the diagram below, . 
voltage potentials in the interface to digital circuits in the 
A/D converter are unstable, which may cause fluctuations 
in current drain. 


Other Technical 
Documentation 


Document Name: 











A 






Related Microcomputer 
| Technical Q&A 








Additional Information 





Section HITACHI , | 
170 5 Hitachi America, Ltd. San Francisco Center * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 » (415) 589-8300 


Technical Question and Answer 


[Product | H8/500 Q&A No.| QA500 - 056A 
Allowable impedance of A/D signal sources | 


Question Classification—H8/500 


On-chip ROM 
PWM 


1. Does the allowable signal source impedance remain 10 kQ 
even if the A/D conversion time is changed? 
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Miscellaneous 


Related Manuals 


The low-speed conversion mode should operate even at Manual Title: 
20 kQ, but this is not guaranteed. 


Other Technical 
Documentation 
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Related Microcomputer 
Technical Q&A 


" SECTION 





Additional Information 





HITACHI = | Section 
Hitachi America, Ltd. « San Francisco Center * 2000 Sierra Point Pkwy. Brisbane, CA 94005-1819 (415) 589-8300 5 171 





| Technical Question and Answer 


| Product H8/532, He/534,H8/536 —S—«| Q&A No.| QAS500-031B 


Topic DTR of PWM timer 
































| Question | Classification—H8/532 
1. The duty register (DTR) of the PWM timer is set to H'00 -—TOn-chip ROM 


for pulses with 0% duty cycle, H'7D for pulses with 50% —[——f~On-chip RAM 


duty cycle, and H'FA for pulses with 100% duty cycle,but [| | Clock = sd | 


what if a value from H'FB to H'FF is written in DTR? | | Timers 
Serial /O 


A/D 

PWM 

DTC 

I/O ports 

Power-down modes 
Elec. characteristics 

Exception handling 

Bus interface 

External expansion 

Development tools | 

Miscellaneous 
Related Manuals 
Manual Title: 













Answer 


1. Ifa value from H'FB to H'FF is written in DTR, pulses are 
output with a 100% duty cycle. 
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Technical Question and Answer 


Product | H8/534, H8/536 Q&A No. | QA500 - 057A 
PWM pin assignments 


Classification—H8/534 
1, The PWM timer outputs (PW, to PW3) are can be assigned = 
to P6; to P63 (multiplexed with IRQ to IRQs) or P92 to | On-chip RAM 
P9, (multiplexed with SCK2, RxD2, and TxD2). Canallsix{ [| Clock = sid 
pins be used for PWM output? | | Timers si 
| | Serial VO 
| | AD 


JO, PWM 
DTC 


V/O ports 
Power-down modes 
Elec. characteristics 
Exception handling 
Bus interface 
External expansion 
Development tools 


Related Manuals 


Manual Title: 


1. Yes, they can. 
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Additional Information . 


P6, to P63 can be used for both PWM output and IRQ input. P9, to P94 can be used for either | 
PWM output or SCI functions, but not both. 
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Technical Question and Answer 


H8/500 | Q&A No.| QAS500 - 032B 


Interrupts during DTC operation 









Poa 


1. During operation of the data transfer controller (DTC), 
what happens if an interrupt is requested with a priority 
higher than the interrupt the DTC is serving? 
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Software 
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Clock 
Timers 
Serial /O 








/O ports 
Power-down modes 
Elec. characteristics 
Exception handling 
Bus interface 
External expansion 
Development tools 
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Related Manuals 
Manual Title: 


Answer | 


1. While the DTC is operating the CPU halts, so no other | 
interrupts can be accepted. | 
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_ The DTC therefore completes its interrupt service, after 
which one instruction is executed; then the pending 
interrupt-handling sequence begins. 


Other Technical 
Documentation 


Document Name: 





Related Microcomputer | 
Technical Q&A 


Additional Information 


If the instruction executed after the conclusion of DTC operations is LDC or another instruction 
that inhibits interrupts, the interrupt-handling sequence will not start until the next instruction 
after that has been executed (and if that next instruction also inhibits interrupts, another 
instruction will be executed). 
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Technical Question and Answer 


DTC usage | | 
Classification—-H8/500 
| On-chipROM 
On-chip RAM 










Prova 


1. Can DTC register information be located on ROM? 









Clock 
imers 


2. After a DTC data transfer, the data transfer count register 
‘ (DTCR) is decremented by 1, and if the result is 0, the 
DTC will no longer be activated. If DTC register 
information is stored on ROM with the DTCR value set to 
1, will an interrupt occur after the DTC data transfer? 






Serial I/O 
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Miscellaneous 


Related Manuals . 


Manual Title: 


Other Technical 
Documentation 


Document Name: 






Answer 


1. DTC register information can be located on ROM. 












2. An interrupt will be generated. The decision as to whether 
DTCR = 0 is made when the DTCR value is decremented. 
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Section 


1746 § 


Technical Question and Answer 


Product | He/500 Q&A No.| QAS500 - 035B 


Topic Analog input port data register during A/D conversion 





Question Classification—H8/500 


1. During A/D conversion, what happens to the values in the -—T-Gn-chip ROM 


data register (DR) of the input port that is also used for = [On-chip RAM 


analog input? | | Clock 
| | | | Timers 

| | SerialVO 

ee 2 eae 

| | PWM 

ae i?) (oe 


Miscellaneous 
Related Manuals 


1. Pins used for analog input return the value 1 if read during |Manual Title: 
A/D conversion, regardless of the actual input voltage. 


Other Technical 
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| Additional Information 
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Technical Question and Answer 


[Product | H8/500 Q&A No.| QA500 - 0378 
Port output after reset 


: | Classification—H8/500 
1. Touse an input/output port line to output data after a reset, 
which should be set first: the port’s data register (DR) or its 

data direction register (DDR)? 


Software 
On-chip ROM 
On-chip RAM 
Clock 

Timers 

Serial /O 


/O ports 
Power-down modes 
Elec. characteristics 
Exception handling 
Bus interface 
External expansion 
Development tools 


Related Manuals 


1. Set these registers in the following order. Manual Title: 
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(1) Set the output data in the output port’s data register. 
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(2) Set the DDE bit of the output line to 1. Other Technical 


Documentation 
Document Name: 





Related Microcomputer 
Technical Q&A 


Additional Information 


Note: A reset initializes the port data registers to 0. 
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Technical Question and Answer 


H8/500 | @&A No. | QA500 - 0398 | 
AS and RD signal timing | | | 


| : Classification—H8/500 
1. Are the AS and RD signals synchronized with the falling | eet sg ————J 
edge of the system clock (@), or with output on the address [| On-chip RAMS 
lines? | ie Ke anand 
| 
| 
PAD 
2 ee 
|O| VOpots 
|__| Power-down modes 
|__| Elec. characteristics 
|__| Exception handling 
|_| Businterface 
|_| External expansion _| 
|__| Developmenttools 
|__| Miscellaneous 


Related Manuals | 


Manual Title: 


Other Technical 
Documentation 
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Related Microcomputer 
Technical Q&A 












































Answer 


1. The AS and RD signals are synchronized with the falling 
edge of the system clock in the T, state. 









_ ‘The AS and RD signals never go low before the falling 
edge in the T, state. Case A in the diagram below cannot 
occur. Tz 5 eee aes 



















| Additional Information 
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Technical Question and Answer 


Product | H8/500 Q&A No.| QA500 - 0408 


Topic Unused 1/O lines | 


Classification—H8/500 
1. What should be done with unused I/O port lines? [Software 


Ee 


Related Manuals 


Other Technical 
Documentation 


Document Name: 


1. (1) Pull unused input/output port lines up or down Manual Title: 
through an approximately 10-kQ resistor. 
(2) Do the same for input-only port lines. 


Related Microcomputer 
Technical Q&A 


Additional Information| | : 


Connect a separate pull-up or pull-down resistor to each line. 


SECTION 
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- Technical Question and Answer 


| Product _ H8/520, 532,534,536  ~—«| Q&ANo.| QAS500-041B 


Topic Power dissipation in hardware and software standby modes 


Classification—H8/532 
1. Is there any difference In current dissipation between 
hardware standby and software standby? 


| Related Manuals 
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Current dissipation satisfies the relationship: Manual Title: 
hardware standby < software standby. 


In hardware standby mode, all lines are placed in the high- | Other Technical 
impedance state, which reduces current dissipation. In Documentation 


software standby mode I/O ports hold their previous states, Document Name: 
So Current dissipation varies depending on the state of the 
port. | : 


Related Microcomputer 
Technical Q&A 


Additional Information 
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Technical Question and Answer 


State of Do to D7 with 8-bit data bus 









reduc 


Classification—H8/510 
i | Software id 
1. In 16-bit data bus mode (mode 2 or 4), during access to the ee Software 


area accessed via an eight-bit bus, what are the states of the = On-chip RAM 


unused data bus lines (Do to D7) and control signals? | =| Clock sisi” 


Timers 

Serial I/O 

A/D 

PWM 

DTC 

/O ports 
Power-down modes 
Elec. characteristics 
Exception handling 
Bus interface 
Development tools 
Bus controller 
Miscellaneous 


Related Manuals 
Manual Title: 
























Answer 


1. Dg to Dy are in the high-impedance state, and LWR is 
always 1. 








| Other Technical 
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Technical Question and Answer 


H8/510 . | Q&A No.| QA500 - 059A 


State of Do to D7 during byte access in 16-bit data bus mode 
[Question | | 


Classification—H8/500 
1. What are the pin states during access to byte data in 16-bit eouwae 
data bus mode (mode 2 or 4)? | 
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Clock 
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PWM 

DTC 

I/O ports 
Power-down modes 
Elec. characteristics 
Exception handling 
Bus interface 
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Development tools 
Miscellaneous 


Related Manuals 


Manual Title: 
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Answer 


1. (1) In write access, the upper data bus (D1; to Dg) and 
lower data bus (D7 to Do) both output the same data. 







Control signal states are as follows: 






Access to even address Access to odd address | Other Technical 
nee | Documentation 
LWR = 1 LWR = 0 







HWR = 1 


In read access, the states differ depending on the 
external circuit configuration. 


HWR=0 














Related Microcomputer 
Technical Q&A 


Control signal states are as follows: 
—RD=0 





Additional Information 


1. The minimum RAM standby voltage (VRAM) is specified at 2.0 V. What voltage should be 
supplied to AVcc? | 
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Technical Question and Answer 


Product | 18/520, 532, 534, 536 Q&A No.| QA500 - 060A 


Topic |RAMstandbyvotage |RAMstandbyvotage voltage 





Classification—H8/532 
Software 
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Related Microcomputer 
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Question 
























1. fomet_| should be the same as the RAM standby voltage: 
2 V. Setting AVcc to 5 V or VSS will cause excessive 


current drain. 
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H8/520 Device EPROM Security 


Tech Notes | 
Application Engineering 


Tom Hampton 


EPROM Security 


The H8/520 Microcontroller has an EPROM security feature that can be used by the customer. This 
feature allows the user of the microcontroller to protect parts (or all) of the code programmed into 
the on-chip EPROM of the device from being read by means other than his own program. This feature 
cannot be tested by Hitachi and, due to this, is unguaranteed. It is up to the user to determine whether 
or not to implement the function of this feature and accept sole responsibility for its outcome. 


Memory Configuration 


The memory matrix of the H8/520 Microcontroller is configured as a dual matrix, one with even 
addresses and the other with odd addresses. The configuration of each matrix appears as lines of . 
memory 32 bytes wide (32 x 8, 256 bits). This configuration allows an individual memory line to — 
consist of 64 bytes of data (including both even and odd addresses). Each memory line has 1 security 
bit thus allowing every 64-byte segment to have the option of the security feature. The address of 
this security bit is the same as the starting address for the memory line. 


Security Functions 


_ The security function had two different operations depending upon the mode of operation that the — 
device is placed into; EPROM programming mode or CPU operation mode. 


SECTION 





EPROM Programming Mode 


In the EPROM programming mode, the ability of the EPROM programmer to read the EPROM 
contents is limited by the state of the security bit. 


If the security bit is a “1” (unprogrammed state), then the data in the EPROM can always be read. 
If the security bit is a “O” (programmed), then any read operation to the EPROM will result in a “O00” 
being read. This indicates that once the security bit is programmed, the user will be unable to verify 
the contents of the EPROM. | 


bit=1 EPROM data can be read (normal) 
bit=0 “00” data is always read 
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TechNotes _ H8/520 Device EPROM Security 


CPU Operating Mode 


In the CPU operating modes, the ability of any device to read the EPROM contents is limited by the 
_ State of the security bit. 


If the security bit is a “1” (unprogrammed state), then the data in the EPROM can always be read by 
the CPU. If the security bit is a “0” (programmed), then the read state of the EPROM (from the CPU), 
depends upon where instruction execution is occurring from. 


bit=1 EPROM data can be read by CPU (normal) 

bit=0 After RESET, the CPU can read EPROM data until it executes an instruction 
outside the internal EPROM area (either external memory or internal RAM). 
Once an instruction is executed outside the internal EPROM memory area, 
then the EPROM becomes disabled and cannot be accessed any further. This 
prohibits an external program from being able to “dump” the contents of the 
on-chip EPROM. 


Programming the Security Bit 


There exists two EPROM programming modes; normal and security. The normal EPROM | 
programming mode is used to program the code/data area of the on-chip EPROM memory for the 
H8/520 device. The "security" programming mode is used to program the security bits of the 

_ EPROM!'s memory area. The security function is then implemented by programming a “0” into the 

_ address corresponding to the memory line location. SePHNE the epee aan mode is done by setting 
certain I/O port pins to the following states: 


H8/520 Device 1/0 Port Pin 
Programming Mode P50/TMCI P51/FTI1 


Normal | 1 1 
Security 1 0 | 
Again, this feature cannot be tested by Hitachi and thus remains unguaranteed. It 


is up to the user to determine whether or not to implement the function of this 
feature and accept sole responsibility for its outcome. 
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Tech Notes 
Application Engineering — 
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EPROM Security 


The H8/534 Microcontroller has an EPROM security feature that can be used by the customer. This 
feature allows the user of the microcontroller to protect parts (or all) of the code programmed into 
the on-chip EPROM of the device from being read by means other than his own program. This feature 
cannot be tested by Hitachi and, due to this, is unguaranteed. It is up to the user to determine whether 
or not to implement the function of this feature and accept sole responsibility for its outcome. 


Memory Configuration 


The memory matrix of the H8/534 Microcontroller is configured as a dual matrix, one with even 
addresses and the other with odd addresses. The configuration of each matrix appears as lines of 

- memory 32 bytes wide (32 x 8, 256 bits). This configuration allows an individual memory line to 
consist of 64 bytes of data (including both even and odd addresses). Each memory line has 1 security 
bit thus allowing every 64-byte segment to have the option of the security feature. The address of 
this security bit is the same as the starting address for the memory line. 


Security Functions 


The security function had two different operations depending upon the mode of operation that the 
device is placed into; EPROM programming mode or CPU operation mode. 


SECTION 





EPROM Programming Mode 


In the EPROM programming mode, the ability of the EPROM programmer to read the EPROM 
contents is limited by the state of the security bit. 


If the security bit is a “1” (unprogrammed state), then the data in the EPROM can always be read. 
If the security bit is a “0” (programmed), then any read operation to the EPROM will result in a “00” 
being read. This ind:ates that once the security bit is programmed, the user will be unable to verify 
the contents of the EPROM. | | 


bit=1 EPROM data can be read (normal) 
bit=0 “00” data is always read 
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oie H8/534 Device EPROM Security 
_. CPU Operating Mode 


In the CPU operating modes, the ability of any device to read the EPROM contents is limited by the 
state of the security bit. | 


_ If the security bit is a “1” (unprogrammed state), then the data in the EPROM can always be read by 
the CPU. If the security bit is a““O” (programmed), then the read state of the EPROM (from the CPU), 
depends upon where instruction execution is occurring from. 


bit=1 EPROM data can be read by CPU (normal) 
bit=0 After RESET, the CPU can read EPROM data until it executes an instruction 
outside the internal EPROM area (either external memory or internal RAM). 
Once an instruction is executed outside the internal EPROM memory area, then 
the EPROM becomes disabled and cannot be accessed any further. This prohibits 
_ te program from being able to “dump” the contents of the on-chip 
PROM. | 


Programming the Security Bit — 


There exists two EPROM programming modes; normal and. security. The normal EPROM 
programming mode is used to program the code/data area of the on-chip EPROM memory for the 
H8/534 device. The "security" programming mode is used to program the security bits of the 
EPROM's memory area. The security function is then implemented by programming a “0” into the 
address corresponding to the memory line location. Setting the programming mode is done by setting 
certain I/O port pins to the following states: | 


| | H8/534 Device I/O Port Pin 
Programming Mode P60/-IRQ2/A16 =| P61/PW1/-IRQ3/A17 


Normal 1 
Security 1 


Again, this feature cannot be tested by Hitachi and thus remains unguaranteed. It 
is up to the user to determine whether or not to implement the function of this 
feature and accept sole responsibility for its outcome. 
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Tech Notes 
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EPROM Security 


The H8/536 Microcontroller has an EPROM security feature that can be used by the customer. This 
feature allows the user of the microcontroller to protect parts (or all) of the code programmed into 
the on-chip EPROM of the device from being read by means other than his own program. This feature 
cannot be tested by Hitachi and, due to this, is unguaranteed. It is up to the user to determine whether 
or not to implement the function of this feature and accept sole responsibility for its outcome. 


_ Memory Configuration 


The memory matrix of the H8/536 Microcontroller is configured as a dual matrix, one with even 
addresses and the other with odd addresses. The configuration of each matrix appears as lines of 
memory 32 bytes wide (32 x 8, 256 bits). This configuration allows an individual memory line to 
consist of 64 bytes of data (including both even and odd addresses). Each memory line has 1 security 
bit thus allowing every 64-byte segment to have the option of the security feature. The address of 
this security bit is the same as the starting address for the memory line. 


Security Functions 


The security function had two different operations depending upon the mode of operation that the 
device is placed into; EPROM programming mode or CPU operation mode. 


EPROM Programming Mode 


In the EPROM programming mode, the ability of the EPROM programmer to read the EPROM 
contents is limited by the state of the security bit, © 


If the security bit is a “1” (unprogrammed state), then the data in the EPROM can always be read. 
If the security bit is a““O” (programmed), then any read operation to the EPROM will result in a “00” 
being read. This indicates that once the security bit is programmed, the user will be unable to venty 
the contents of the EPROM. 


bit=1 EPROM data can be read (normal) 
bit=0 “00” data is always read 
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_ CPU Operating Mode 


In the CPU operating modes, the ability of any device to read the EPROM contents is limited by the 
state of the security bit. 


If the security bit is a “1” (unprogrammed state), then the data in the EPROM can always be read by 
the CPU. If the security bit is a“‘O” (programmed), then the read state of the EPROM (from the CPU), 
depends upon where instruction execution is occurring from. 


bit=1 EPROM data can be read by CPU (normal) 
bit=0 After RESET, the CPU can read EPROM data until it executes an instruction 
outside the internal EPROM area (either external memory or internal RAM). 
Once an instruction is executed outside the internal EPROM memory area, then 
the EPROM becomes disabled and cannot be accessed any further. This prohibits 
oe a program from being able to “dump” the contents of the on-chip 
ROM. 


Programming the Security Bit 


There exists two EPROM programming modes; normal and security. The normal EPROM 
programming mode is used to program the code/data area of the on-chip EPROM memory for the 
H8/536 device. The "security" programming mode is used to program the security bits of the 
EPROM's memory area. The security function is then implemented by programming a “0” into the 
address corresponding to the memory line location. Setting the programming mode is done by setting 
certain I/O port pins to the following states: 


H8/536 Device I/O Port Pin 
Programming Mode P60/-IRQ2/A16 P61/PW1/-IRQ3/A17 


Normal 1 1 
Security | 1 | 0 


Again, this feature cannot be tested by Hitachi and thus remains unguaranteed, It 
is up to the user to determine whether or not to implement the punenen of this 
feature and accept sole respon siinly for its outcome. 
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Carol Jacobson 


Although the H8/510 uses the same instruction set as the rest of the H8/S00 family, the formulas used 
to calculate instruction fetch and execution times are somewhat different. The H8/510 addressrange 
is sectioned by the Three-state Area Top Register (AR3T,) defining two state or three state access 
field, and Byte Area Top Register (ARBT), defining 16-bit or 8-bitdata bus fields. Locations with 

address values greater than the ARBT register value are accessed via an 8-bit bus. Locations with 
address values greater than orequal tothe AR3T value are accessed using three states, two access 
plus one additional state for slower peripherials. 


16 bit 2 state access 





WL i WE W 





8 bit 2 state access 





8 bit 3 state access 


Access times for instructions fetched from each area are claculated using slightly differentformulas. 
Therefore, it’s important to understand the contents of the AR3T & ARBT before trying todetermine 
execution times. Formulas are given in the H8/500 programming manual section 2.6.4. 


SECTION 





EXAMPLES: 
1. 
Mode3 Expanded Maximum 8-bit data bus(ABRT register is ignored) 


AR3T=H’90 —sdDPRRegister=H’AO 
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address opcode operands 
00000100 MOV.W  R1@H’A00020 


The instruction is fetched via an 8-bit data bus from a location accessed intwocycles. Word data 
is moved to a location accessed in three cycles via an 8-bit bus. 


From section 2.6.4: Total CPU states (cycles)= (Value in Table 2-8) + 2I1+J+K 


T= 6+2(2)+1+3=14 clocks 


Mode4 Expanded Maximum 16-bitdata bus 


AR3T=H’A0 ARBT=H’A2 
address opcode operands 
00A00100 MOV.W R1,@FRT2_OCRA 


_ The instruction is fetched via a 16-bit bus from a location accessed in three cycles. Word datais 
moved to the on-chip register field which is always accessed in three cycles via an 8-bit bus. — 


From section 2.6.4: Total CPU states (cycles)= (Value in Table 2-8) + (Value in Table 2-9) + 21 
+(J+K)/2 


T= 6 +1+2(2) +(1+3)/2= 13 clocks. 
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Tech Notes 
Application Engineering 


Carol Jacobson 


Individual instruction execution times for the H8/532, H8/534, H8/536, H8/520 can be calculated 
using tables 2-8 (1 thru 6) and table 2-9 of the H8/500 Series Programming Manual. Formulas for 
the H8/532, H8/534, H8/536, and H8/520 are given in section 2.6.1. H8/510 Instruction timing is 
discussed in TN-0039. 

The main steps used to determine instruction execution timing are: 

1. determine the instruction addressing mode, location and operand location. 

(note: for indirect addressing modes the operand location is the location of the data) 


2. from section 2.6.1 determine the which formula to use 


3. apply values from Table 2.8 & 2.9 to the formula 


EXAMPLES: 
1. 
Mov.w #H’DAFE,@FA80 saddressing mode: @AA:16 


a. If the instruction and operands reside in on-chip RAM or ROM, the number of CPU eiock cycles 
is the value from the body of Table 2.8 plus the value from Table 2.9. 


SECTION 





Table 2.8 #cycles=9 from Table 2.9 the ‘adj. value’ = 2 (even aaa = 1 CPU clocks total 
execution time. 


b. If the instruction resides in on-chip memory and the operands are from an on-chip module 
(peripheral) or off-chip, the number of CPU clock cycles is the value from the body of Table 2.8 plus 
2 x the I value plus the ad. value from Table 2. 9. : 

Table 2.8 #cycles= 9+ 22) plus the ‘adj. value’ , 2 (even address) = 15 clocks 


c. If the instruction resides in off-chip memory and the operands are from on-chip, the number of 
CPU clock cycles is the value from the body of Table 2.8 plus 2 x the J and K values from Table 2.8. 
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Table 2.8 #cycles= 9, K= 3 and J=3; Total execution time = 9 + 2(3 + 3) =21 clocks 

d. If the instruction resides in off-chip memory and the operands are from off-chip memory or on- 
chip modules the number of CPU clock cycles is the value from the body of Table 2.8 plus 2 x the 
I, J and K values from Table 2.8. 7 

Table 2.8 #cycles= 9, I= 2, K= 3 and J=3 ; 


Total execution time = 9 + 2(3 + 3 +2) =25 clocks 


BSR External_ROM ;addressing mode @aa:16 


a. If the instruction resides off-chip and the destination is an off-chip 16-bit location and the branch 
is taken: Table 2.8 #cycles= 7, I= 2, J+K= 5; | 


Total execution time = 7 + 2(2 + 5) = 21 clocks 


b. If the instruction resides on-chip and the destination is an on-chip 16-bit location and the branch 
is taken: Table 2.8 #cycle= 7, From Table 2.9 ‘adj. value’= 0 (even address); 


Total execution time= 7 + 0 = 7 clocks 
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Application Engineering 


Tom Hampton 


EPROM Security 


The H8/532 Microcontroller has an EPROM security feature that can be used by the application 

programmer. This feature allows the user of the microcontroller to protect parts (or all) of the code 

programmed into the on-chip EPROM of the H8/532 from being read by means other than his or her 

own program. This feature cannot be tested by Hitachi and, due to this, is unguaranteed. It is up to 

the user to determine whether or not to implement the function of this feature and accept sole 
_ responsibility for its outcome. 


Memory Configuration 


The memory matrix of the H8/532 Microcontroller is configured as a dual matrix, one with even 
addresses and the other with odd addresses. The configuration of each matrix appears as lines of 
memory 32 bytes wide (32 x 8, 256 bits). This configuration allows an individual memory line to 
consist of 64 bytes of data (including both even and odd addresses). Each memory line has 1 security 
bit thus allowing every 64 byte segment to have the option of the security feature. The address of this 
security bit is the same as the starting address for the memory line. 


Security Functions 


The security function had two different operations depending upon the mode of operation that the 
H8/532 device is placed into, EPROM programming mode or CPU operation mode. 


SECTION 


EPROM Programming Mode 





In the EPROM programming mode, the ability of the EPROM programmer to read the EPROM 
contents is limited by the state of the security bit. 


If the security bit is a “1” (unprogrammed state), then the data in the EPROM can always be read. 
If the security bit is a “0” (programmed), then any read operation to the EPROM will result in a “00” 
being read. This indicates that once the security bit is S pro grammed, the user will be e unable to verify 
the contents of the EPROM. 


security bit 1 EPROM data can be read (normal) 
security bit 0 “00” data is always read 
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CPU Operating Modes 


_ Inthe CPU operating modes, the ability of any device to read the EPROM contents is limited by the 
state of the security bit. 


If the security bit is a “1” (unprogrammed state), then the data in the EPROM can always be read by 
the CPU. If the security bit is a “0” (programmed), then the read state of the EPROM (from the CPU), 
depends upon where instruction execution is occurring from. 


security bit 1 EPROM data can be read by CPU (normal) | 
security bit 0 After RESET, the CPU can read EPROM data until it executes an 
; instruction outside the internal EPROM area (either external 

memory or internal RAM). Once an instruction is executed outside 
the internal EPROM memory area, then the EPROM becomes 
disabled and cannot be accessed any further. This prohibits an 
external program from being able to “dump” the contents of the 
on-chip EPROM. 


Programming the Security Bit 


There exists two EPROM programming mode; Normal and Security. The normal EPROM 
programming mode is used to program the code/data area of the on-chip EPROM memory for the 
H8/532. The "security" programming mode is used to program the security bits of the EPROM's 
memory area. The security function is then implemented by programming a “Q” into the address 
corresponding to the memory line location. Setting the programming mode is done by setting certain 
I/O port pins to the following states: _ 


| H8/532 /O Port Pin 


Programming Mode — 





| Peo | Pet 
ee ee 
pot | 


Again, this feature cannot be tested by Hitachi and thus remains unguaranteed. It 
is up to the user to determine whether or not to implement the function of this 
feature and accept sole responsibility for its outcome. 
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Word-wide DRAMs 


Tech Notes: 
Application Engineering 


Oomer A. Serang 


Introduction 


Hitachi has introduced an assortment of word-wide 4Meg DRAMs. This Brief will describe the main 
purpose and application of word wide devices. 


Table 1.0 below lists the various x16 offerings. 


Part Number /| Refresh Rate | Control Vee Iccl Current 
Consumption 

HMS514260-8 |512 cycles/ 8ms 2CAS 5.0V +/- 10 % 150mA 

HM514270-8 | 512 cycles/ 8ms 5.0V +/-10% | 150mA 

HM514170-8 =| 1024 cycles/ 2 WE 5.0V +/- 10% 120mA 

16ms 
HM51V4160-8 | 1024 cycles/ 2 CAS 3.3V +/- 10% 105mA 
| , 16ms | 


Table 1.0 Hitachi's 256kx16 partslist. 











SECTION 


Applications 





The 256kx16 device can be used either to upgrade systems that are based on the older generation. _ 
256kx4 DRAMsor to give better performance to new systems thatimplement word wide busses. The 
distinction is made when choosing one of the two available refresh rates. The 512cycles /8msisa 
directreplacement for older generation 256kx4 DRAMs. This implies that the DRAM controller does 
not have to be redesigned. While the 1024 cycles/16ms part consumes less current but willrequire 
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anew DRAMcontroller, andhenceis targeted for new systems. The currentreduction is due to the 
fact that fewer sense amplifiers are used and hence the overall current consumption is decreased. 


Another system design variable is memory bank selection. Some designers prefer to use common 
/RAS while the /CAS signal serves as a bank select. Hitachi offers the 2CAS signal option precisely 
for those systems. Hitachi also offers 2WE parts which are best used in graphics applications, since 
it offers easier control of upperand lower bytes. In particular, the x16 DRAM partis used asa z-buffer 
while expensive VRAMs would be used as the main graphics buffer. 


Lastly, the obvious advantages of designing with 256kx 16 devices instead of 256k x4 parts should 
not be overlooked ; less board space is used, memory cost is reduced, and the reliability is higher. 


Consequently, an oldermemory system based on bank selection of 256k x4 DRAMs and their 8ms 
refresh requirementcan be upgraded with either the HM514260 or HM514270. | 


Word wide write cycles for the multiple /WE and multiple /CAS type devicescan be confusing. To 
preventconfusion, itis important to understand that address and data is latched internally ona word- 
wide basis at the fall of (RAS and /WE or/CAS regardless of whether the write cycle is a byte write 
ora word write. This means that the x 16 device does NOT permit writing upper and then lower bytes - 
in sequence within the same write cycle. More specifically, early write cycles cannot be mixed with 
late write cycles in the same cycle. On the other hand, a word can be written with the fall of both 
upper and lower byte control signals atthe same time, and one byte can be written with the fall of 
either the upper or lowercontrol selectsignals. 


Inaddition, fast page mode byte read cycles are permitted.as long as there is aminimum tCP time 
separation between the first /UCAS being de-asserted and the second L-CAS becoming asserted as 
shown in Figure 1.0 7 


RAS 
UCAS 
Ne 
Figure 1.0 Page mode cycle 
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Mask History of HN58C256 


Tech Notes 
Application Engineering 


Oomer A. Serang 


The original HN58C256, 256k EEPROM was introduced in 1989 as an RO mask. Since that time 
_ the device has gone through 2 mask revisions and this Brief will summmarize the modifications. 


The firstrevision was done in late 1990 to counter potential data destruction due to noise on /CE 
or /WE while Vcc was powering up or down. Normal program mode dictates that/CE and /WEbe 
low while Vcc and /OE are high. However, while powering on and off unknown levels on /CE or 
/WEcan inadvertently cause erroneous data to be written. Figure 1.0 below, shows the conditions 
that may lead to an inadvertent program cycle. 


Vee ——~Y \ | 
_ —_ + 


ee ~ 


Figure 1.0 Conditions that may cause incorrect write. 


SECTION 





Consequently, ifauser could guarantee that /WE and /CE are high when Vcc was stabilizing then 
there could be no possibility of an inadvertent write occuring. Nonetheless, Hitachi decided to 
improve the chip by decreasing the programming voltage sensitivity level so thatany glitches that 
occurred on /CE or /WE while Vcc was stabilizing were locked out. 


From a specification standpoint, the only parameter that changed due to the R1 mask revision was 
an increase in the Icc1 standby current, from 20LLA maximum to SOWA typical and 200L.A maximum. 
Other than the Icc1 change, all other AC and DC parameters remained the same. 
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The second mask revision, called appropriately enough R2, was implemented in the October 1991 
timeframe. The R2 revision fixed ararely occuring problem thatcaused random addresslocations _ 
tochange to FFh. The culprit was found to be a combination of residual voltages coupled with © 
specific rise times on Vcc. The details are best described by looking at Figure 2.0 below. 


tRISE = 0.5 to 50ms 
K: -> 


Vee 


pin 3 0.1 to 0.3 volt residual 
GND” ©”, _A voltage 





Figure 2.0 Conditions that may cause data to change to FFh. 


If aresidual voltage in the 0.1 to 0.3 volt range existed on the Vcc pinit would increase the internal 


- Capacitance coupling onthe /RESET pin. This prevented the reset timercircuits from functioning 


properly. In fact, the internal reset signal would abort prematurely which briefly activated the write 
anderase circuits. The presently available R2 mask has countered the aformentioned peculiarity and 
results in ahighly reliable device. 
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1M Flash Software Modification 


Tech Notes 
Application Engineering 


Oomer A. Serang 


Intel presently offers customers some general 1M Flashcode for use in 10Mhz 80186 based 
systems. This Note will point out the modifications that need to be made to Intel’s code soitcan 
support Hitachi’s 1M Flash device. 


The major differences between Hitachi and Intel are shown in Table 1.0 


a OI a 
Write operation —_ | 10psec min 25ps min 

duration 25psec max | 
Erase operation 9.5ms min 9ms min 

duration 10.5ms max 11ms max 


Multiple chip erase | After erase After erase 
verification of any | verification of any 
chip, send reset chip, send verify 
command (FFH), command (AQH), 
until all chips have | until all chips have 
erased. erased. 










































Multiple chip 
programming 


After programming 
completion of any 
chip, send reset 
command (FFH) 
while waiting for all 
chips to complete 
programming. 


After programming 
verification of any 
chip, program and 
verify chip again but 
send FFH as 
program data. 
Repeat, until all 
chips have 
completed 
programming. 














SECTION _ 







Table 1.0 Major differences between Intel and Hitachi 1M Flash. 
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Table 1.0 indicates that the pro gramming Pulse Width and Erase Time duration for Hitachi’s 
‘device is different from Intel’s. However, if minor code modifications of the original Intel code 
are done, a Hitachi device can plug into an Intel socket. 


For example, in Intel generated code the following? instructions are recommended for Program- 
ming Pulse Generation in a 10Mhz 80186: 


% * define (WAIT 10us) 
push cx ; Save old counter register contents 
mOv Cx, 6 : put6 into counter register 
loop$ ; decrement until 0 
popcx ; restore oldcounter contents 


Thecode above completes execution in 10us by counting down from 6, after whicha control pulse 
is generated. To generate a 25us pulse width, the number of T states foreachinstructionisdetermined _ 
and then the appropriate counter value to generate a 25us execution time is calculated. In this case 
the value required is 17,so 


movcx,6 
changes to 
movcx,17 


The final code would look like: 


%*define (WAIT 25us) 
push cx 
movcx,17 
—loop$ 
popcx 


Lastly, the erase code supplied by Intel generates a 10ms wait and is as follows: 


%o*define(W AIT 10ms) 
pushcx 
movcx, 10 


loop %W10ms 
popcx 


Since the 10ms meets Hitachi’s erase time specification as well, there isno need to modify any 
of the above code. 
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1M to 4M Flash Memory Upgrade 


Tech Notes 


Application Engineering pean 
Introduction 
It seems like it was only yesterday when the Hitachi 1M Flash device was introduced and promoted. 
The differences between our 1M device and a rival's was repeated and re-iterated often. Hence, it is 
probably very surprising to already begin dicussions on the 4M Flash device. Nonetheless, the 4Meg 
is here now and the aspects of replacing the 1M device is the topic of this Note. 
4M Features 

* Automatic chip and BLOCK erase 

* Status polling 

* Command register based control 

* Automatic and Manual Programming 
1M to 4M Upgrade 
A lot of design effort went into making the 4M Flash as compatible as possible with the 1M Flash 
device. Consequently, itis no coincidence that the 4M Flash package size is identical to the 1M Flash 
package size. In addition, the pins between the 1M and 4M devices are similar except for the fact that 


the 4M Flash has, of course, 2 additional address oe and more importantly no/WE pin. The figure 
below shows the pin-out difference. 





@ p 


SECTION 





Figure 1.0 Difference. in pin configurations between 1M and 4M Flash 


cy 
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Consequently, in the 1M device an address is latched when both the /WE and /CE go low while data 
is latched when either /WE or /CE goes high. In comparison, the 4M device has address and data 
latching when /CE goes high. 


A lot of additional expense and effort can be avoided if customers design in for the 4M while they 
are designing in the 1M Flash. The customer should be told that if their 1M system has a trace that 
serves as either an address line or /WE line, depending upon a jumper position, then the 4M Flash 
will fit easily into the socket when an upgrade is required. The other address line required for the 
4M can be laid out as a trace going to the NC pin of the 1M. 


As far as the logic is concerned, the 4M Flash has easier timing in many cases because there is no 
longer a need to toggle a /WE pin as was the case with the 1M Flash device. In addition, the block 
select operation is simply controlled by A14-A18 so that incoporating the block selectfeatureconsists __ 
of only applying a new address and latching it in by the rising edge of /CE. In fact, block accesses 
can be implemented by "false" CPU write cycles. They are labeled as "false" write cycles because 
data is not actually written to the device even though the write cycle timing is implemented. An 
important restriction on the,false write cycles is to make sure that the data on the bus is anything 
EXCEPT FFh when /CE rises. Putting FFh on the data bus will reset the device since FFh is the reset 
command. 


When all the items are taken i into account'a preliminary analysis of the IMt to 4M upgrade yields 
the following steps: 


1) Run an address line trace into the NC of the 1M. When using the 4M the trace will serve as A17. 
2) Place a jumper on the board so that the /WE for the 1M can change to A18 for the 4Meg. 


3) Modify PAL equations and incorporate false write cycles during block accesses and make sure > 
the data on the bus 1s not FFh. . 


As a whole, the above steps indicate that although the 4M pe 1s not trivial, the upgrade i is not 
excessively complicated either. 
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Low Voltage RAMs 


Tech Notes 
Application Engineering 


Oomer A. Serang 


In the past, speed and memory organization were critical parameters in memory system designs. The 
popularity of notebook computers has now made power consumption of equal if not more 
importance. A previous note discussed extended refresh cycles as a means to decrease power 
sie dust This Note will introduce Hitachi's wide variety of low voltage RAM memory products. 


Z 


512kx8 
256kx16 
256kx18 


1M : 128kx8 


Table 1.0 Hitachi's low voltage RAMs 








Access 
Time 








Operating 
Voltage 











2.7 to 3.6 





70/80/100 







2.7 to 3.6 





120/150 





2.7 to 5.5 


All of the 4M low voltage DRAMs are manufactured using the same 0.5 pm process that is used to 
manufacture 16Meg DRAMs. Consequently, the low voltage 4M DRAMs are NOT just high voltage 
parts that are screened for low voltage operation. In fact, even the low voltage 4M PSRAM is NOT 
a 5.0 volt PSRAM screened for low voltage operation, but is instead a re-design of the standard part. 


SECTION 





As can be imagined, low voltage operation introduces a gamut of potential problems like decreased 
noise margin and potential increase in soft errors. Noise margin aside, soft errors are most dependent 
on cycle times and power supply voltages. For a given DRAM cell, decreasing the power supply 
voltage increases the SER. An effective counter against the SER degradation is to increase the cell 
capacitance during the chip design stage or to use better dielectrics. Although no reliability data is 
yet available on the low voltage 4M DRAMs one can assume the SER to be comparable to standard 
voltage parts. : 
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Extended Refresh DRAMs 


Tech Notes | 
Application Engineering 


Oomer A. Serang 


Introduction 


The explosive growth of notebook computers has not only elevated computing convenience to an 
unprecedented level but it has also stimulated mainstream suppliers to offer specialized parts for the 

portable market. For example, 244" hard disk drives, super-twist color LCDs and miniaturized 
keyboards are direct consequences of the portable computer revolution. One of the most important 
objectives of notebook manufacturers is to minimize system power consumption. With reduced 
system powerconsumption the end-usercan be assured of longer battery life and maximum operating 
time, thereby making the portable that much more appealing. Consequently, vendors who want to 
supply the notebook market are aggressively studying and re methods to reduce power 
consumption. 


One particularly power hungry aspect of computers is their memory systems. Typical memory 
systems can consume as much as 30% of the total system power. In particular, the additional overhead 
of DRAM refresh cycles not only uses precious active bandwidth but also consumes scarce battery 
current. With this in mind, battery life can be extended if the frequency of memory refresh cycles 
were decreased. That was the motivating reason to develop and offer extended refresh DRAMs. 


Extended refresh DRAMs are DRAMS that have dramatically relaxed refresh requirements. Since 
cycle times and power consumption are directly related it is possible to reduce power consumption 
by decreasing refresh frequency. In fact, when compared to standard DRAMs, the extended refresh 
DRAMs can go as much as 16 times longer without a refresh cycle. Another attraction of extended 
refresh DRAMsis that Hitachi doesn’t consider them to be alow priority product in the memory chain 
but instead assigns them the same important status as standard 4Meg DRAM products. When low 
DRAM data retention currents are combined with the high volume manufacturing assurance of 
Hitachi, then advanced notebook computers, hand-held instruments and other power sensitive 
applications can become a reality. 


Table 1 compares battery life between standard and extended refresh DRAMs. Although no system 
is going to be in data-retention mode 100% of the time the point to be made is that a SL based system 
can have a far longer battery life than a system based on standard 4Meg parts. 
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Extended Refresh DRAMs Tech Notes 


Part Number Active Current Data Retention Battery Life 
(80 nsec part) Current (1 pe., 500 mAh) 

HM514100/400ASL 90 mA 100 pA (typ.) 208 days (typ.) 

(1K cycles/256 msec) | 

HM514100/400A 90 mA 1 mA (typ.) 21 days (typ.) 

(1K cycles/16 msec) | 


Table 1: Standard vs. Extended Refresh Battery Life 













Trench vs STC 


Although standard 4Meg DRAMsare offered by a variety of suppliers as well as a variety of countries 
the same cannot be said of extended refresh DRAMs. Only a handful of vendors have processes and 
chip designs superior enough to guarantee extended refresh times. 


When a DRAM isn’t being accessed or refreshed the amount of time required for the stored charge 
to dissipate is a function of the dielectric material, cell to cell isolation, parasitic losses and even the 
cell structure. For example, an analysis of first generation trench cells revealed that they could not 
meet extended refresh requirements because of leakage between trenches. Since the storage node is 
directly in the silicon substrate, stress and crystallographic defects were manifested as leakage 
current. Consequently, the trench cell insulation characteristics was improved upon by depositing 
an additional SiO, layer around each trench and then staggering, rather than lining up in a single file, 
the cells, to get less cell to cell interaction as well as increased cell density. The improved cell leakage 
characteristics came at the expense of additional fabrication steps and increased production cost of 
the trench device. | 


Even Hitachi’s first generation stacked capacitor architecture could not meet the stringent extended 
refresh specifications. However, Hitachi’s second generation “A” mask stacked capacitor architec- 
ture yielded minimum leakage specifications primarily because the smaller junction area reduced the 
rate of leakage current. 


SECTION 





Another advantage of extended refresh parts is that they aren’t manufactured on special lines or under 
special circumstances. Hence, qualification of standard parts alsoimmediately qualifies the extended _ 
parts. Although extended refresh does not require special manufacturing it does require special 
screening to meet stringentrefresh requirements. The screening process consists of 2 additional steps. 
The first step is a functional test in which data is written to the DRAM and then after a long pause 
the device is read to see if the data is still valid. The second step is to measure the V_, current during 
standby to insure it is vastly smaller than standard DRAMs. 


Presently Hitachi cffers anumber of slow refresh DRAMs. The part numbers and some specifications 
are shown in Table 2. 7 
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: Tech Notes | | | Extended Refresh DRAMs 


Part Number | Active Refresh | Standby Refresh | Standby Current | Data Retention Current 
Rate Rate |} Consumption . Consumption 
1HM514100/400 AL | 1K/128 msec | 1K/128 msec 150 pA (max.) 200 WA (max.) 
HM514100/400ASL | 1K/16msec | 1K/256msec -| 100 yA (max.) 150 pA (max.) 


Table 2: Extended 4Meg DRAM Devices 








The following calculation shows how the data retention current value is derived for the SL device: 
| Data retention current = refresh current + standby current 

For the SL version 

(90 aA * 150 nsec * 1024 cycles) / 256 msec 

100 pA * [256 msec - (150 nsec * 1024 cycles)] / 256 msec 


50 pA + 100 pA 
150 pA 


refresh current 
standby current 
Data retention current 


When adhering to DRAM refresh specifications there are 2 implementation options available to 
designers. One method consists of stopping every 16 msec and then refreshing the entire DRAM at 
once and is referred to as a burst refresh. Alternatively, the micro-processor can be interrupted for 
a refresh cycle every 15.6 sec and this method is referred to as a distributed refresh. Regardless of 
which type of refresh is used itis comforting to know that there are no V_, rise or fall time restrictions 
» when entering or exiting data retention mode. Hence, a big advantage of the SL part is not only its _ 
ability to operate at a data retention voltage of 4.0 volts, but the V_,, can switch from 5.5 Volts to 4.0 
Volts without regard to the V_,, fall time, or from 4.0 Volts to 5.5 Volts without regard to the rise 
time. | 


In practice, one way to control slow refresh DRAMS is to use the DRAM controller chip sets that are 
made specifically for extended refresh DRAMS. For example, Chips and Technology offers the 
82C241 DRAM Controller and the 82C636 Power Control Unit. Effective utilization of the 
aforementioned parts reduces development cost and speeds the end product into the market place. 


Since many customers implement an interrupt driven distributed refresh scheme, another aspect of 
designing in extended refresh DRAMrequires some software modifications. Forexample, if a certain 
amount of time has eapiea without a keyboard interrupt then the DRAMs can 1 g0 into extended 
refresh mode. 


Veliage Degradation (4V operation) 


Although Hitachi’s SL device can withstand Veo = = 4.0 volts during data retention mode a potential 
drawback is that the Soft Error Rate (SER) will increase. Consequently, customers should be made 
aware of the relationship between low voltage and SER so they can design their systems aceorain gly. 
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Emulator Version XRAY Tutorial 


INTRODUCTION 


This paper will demonstrate some basic functions 
in XRAY, using frank.c as an example. 

Frank.c is a very basic C program that utilizes 
loops, counters, and standard I/O routines. The 
main program, as well as the necessary auxiliary 
codes and files, are listed at the end of this 
document. 


Note: Inthe following tutorial, white boxes 
indicate user inputs, while shaded boxes 
indicate computer responses. 


STARTING XRAY 


If you are using XRAY for the first time, be sure 
to specify the baud rate. At the c:\xhih83 
prompt, type: 


xhih83 <filename> -e 9600 <CR> 


Note: Do not add any extensions to 
the <filename> parameter. XRAY 
will load both the source code and 
the executable code. 


Once you are in XRAY, it’s a good idea to 
change default baud rate to the baud rate of the 
ASE. In the command window, type: 


<CR> 


option emulator=”9600"' 
eeaneees sets default baud rate. 






oe Saves option to startup.xry, which is 
called automatically each time XRAY is 
invoked, 


Next time XRAY is called, the baud rate will be 
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set at 9600 by default. 


IN XRAY 


Let’s just run this program a couple of times to 
see what it does. Type: 


This program asks for the user’s selection in hex 
number, then outputs a specific string 
corresponding to the user’s input. Frank Sinatra 
songs are used as examples here. 


First, you will see the message “HITACHI 
America, Ltd.” move from the left edge of the 
screen to the middle, then the message 
“Applications Engineering.” Finally, there is a 
message asking for the user’s input. 


If you look at the source code, you will see that 
there are only 4 allowed inputs to this program. 
The other numbers will give an error message 
and restart the program. Let’s choose 7. At 
program terminal, type: 


The song title Fly me to the Moon and an 
airplane are printed on the screen. At this point, 
the program resets and prints the opening 
messages again. You can experiment with inputs 
of 5,12,a,or 7. Also, try inputting an invalid 
number and see what happens. 


The program is very simple; it was written with 
loops and counters to demonstrate XRAY 
commands. Now let’s take a look at some 
XRAY debugger commands. At XRAY 
terminal, type: | : 


Section 
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_.In the window at the top right corner, you can 


4 


see that when we halted the program, getchar 
was being executed because the program was 
waiting for an input from the user. 


Some functions are called from the C library; 
their C source codes aren’t always available. To 
take a look at getchar in assembly, press the F3 
key. 


Now the screen should show the assembly 
listing, value of the stack and the registers. Press 
F3 again to get back to the original screen. 


To see the C source code again, at the XRAY 
terminal, type: 


restart = <CR> 





They FS key invokes the help screen; it contains 
brief explantions of each debugger command. 
You can press F'5 right now and look at some of 
the explanations. 


All the commands you enter are stored in a last- 
in-first-out fashion. F7 retrieves your previous 
commands to save some typing. 


DEBUGGING 
This program calls a subroutine called cpu_init. 


Let’s take a look at it. First we will set a break 
point at line 17. Type: 


b #17 <CR> Oh peste 


Window #25 will appear at the top of the screen, 
listing all the break points; we only have one so 
far. Now type: 


Section 


go <CR> 





We now see line #98 instead of #17. Line #98 is 
the beginning of cpu_init, that’s why the 
program stops at line #98. 


Another useful function key is the F9 key. Press 
F9 now to allow XRAY to execute one line. 
Press F9 two more times to finish cpu_init. 


Now line #19 is highlighted, not line #18 
because line #18 is only a label, not an 
instruction. 


F9 performs single stepping. The F10 key is 
similar, but it doesn’t take you into each 
subroutine. Press F10 now, and line #19 will be 
executed. 


Let’s keep track of all the variables as we debug 
this program. Type: 


monitor song,counter,delay <CR> 


The values of these variables are listed in the 
top-left window. Let’s set another break point at 
line #42. Type: 


b#42 <CR> 


If we start the program again, it should stop 
executing right after we make our song selection 
on the program screen. Type: 


go <CR> 
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Again we see the title message and the request 
for input. At the program terminal, type: 


a <CR> 


Nothing happens on the program terminal 
because XRAY encountered another break point 
and halted execution. Now, if we look at the 
value of “song,” we see 0Ox000a. We can also 
print the value of a variable without monitoring 


e 
° 


e 
s 


| p song <CR> 





Looking at the source code, if we start the 
program again, we’d expect the Stranger in the 
Night message, accompanied by a couple of 
question marks dancing across the screen. But, 
one powerful feature of XRAY allows us to 
“cheat.” We can execute C code on the spot. 


J 
| 
4 





7 c song=5 <CR> 


The command “C,” followed by an expression, is 
equivalent to an instruction in the C source code. 
In the Data window, we can see the value of 
“song” has been changed to 5. Let’s start the 
program again and see what happens. Type: 


The “The way you look tonight” message came 
on instead of song number 0x000a. There are 
more than one break commands in XRAY; let’s 
take a look at them. We'll stop execution and 
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start over. Type: 


<Ctri> c 





restart <CR> 





clear <CR> 


The clear command clears all break points. If 
you wish to clear a specific breakpoint, just type 
in the breakpoint number after “clear.” If you 
want to see where the breakpoints are, just type: 


b <CR> ? 


You should get a blank window at this point 
because we’ve cleared all the breakpoints. 


breakread: If we enter “br &song,’ whenever 
the program tries to read the value of song, it 
halts. 

breakwrite: Similar to breakread, “bw &song” | 
halts the program whenever it tries to write a 
value to "song". | 


breakaccess: The program halts when there is a 
read or write. | 


Let’s try breakread. Type: 


br &song <CR> 


Section 
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Oops, this give an error message. Since we 
restarted the program, it’s not in “main” yet. The 
variable “song” is not yet recognized. Window 
#4 shows that the variables are not active. Press 
the spacebar to keep going. Let’s get in main 
first, then set the breakpoint. Type: 


b#18 <CR> 
‘abbreviation for 











At the program terminal, type: 

a <CR> 
At line #42, the program tried to print the value 
of “song.” The program halted because it tried 
to read the value of “song.” Let’s keep going. 


Type: 








The program halts again at line #43 because the 
switch statement tried to read “song.” 


We can look at functions that-aren’t in the 
window. For example, type: 


list cpu_init <CR> 





We can see the listing of subroutine cpu_init. 
To get back to where we came from, type: 





We are back to line #43 again. Now press F3 to 
debug at the assembly level. Instead of “list,” we 
say “disassemble” in this mode. Type: 


d 0x0030 <CR> 


We see the beginning of the program. To get 
back to the original place, type: 


d <CR> 


Press F3 again to get back into high-level mode. 
If you have any macros defined, use “show 
<macro-name>” to see the listing of a macro. 
Let’s define a macro here for practice. 

Let’s try “blocking out” a song. This will be 
analogous to locking some channels on cable TV 
for certain viewers. Say we don’t want people to 
“hear” Strangers in the Night. So, every time 
someone chooses Strangers in the Night, we 
“play” Fly me to the Moon instead. Type the 
following in the XRAY terminal. 


restart <CR> 
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clear 2 <CR> 


We restarted the program and cleared the 
breakread breakpoint. 





XRAY halts at line #19. Now, we will define 
the macro blck. 


Type: 
- define int bick() 


{ 

if (song==0x000a) 
$c song=0x0007$; 
return (1); 


_ After the macro is defined, the command 
window may be expanded, press F4 to shrink/ 
expand the active window. Now the macro is 
defined. Once this macro is invoked, the value 
of “song” is changed to 7 if it’s OxOa. The “$’s” 
around the c expression indicate that this line is a 
debugger command. When a macro returns a 
“1,” the program just continues execution after 
the macro; but, if a macros retums a “0,” the 
program halts after the macro. When do we. 
invoke this macro? It will not be a wise idea to 
single step and invoke the macro after each step. 
How about right after the user inputs the 
selection? Type: 





This command tells XRAY to check for value 
Ox000a after the user inputs his/her selection. 
Let’s see how this breakpoints changes the flow 
of the program. First we should clear the 
breakpoint at line #18. Type: 


clear 1 <CR> 


g <CR> 





The program prints the same welcome message 
on the program terminal, asking for input. Let’s 
try to “hear” Stranger in the Night. At the 
program terminal, type: 


Although we selected Stranger in the Night, Fly 
me to the Moon is displayed. One very useful 
way to utilize macros is to simulate hardware in 
the simulator version XRAY. For example, in 
the simulator version, we can set breakpoints and 
use macros to update status registers, which are 
normally updated by hardware. 


Another useful command is gostep; this is 
especially useful when you are desperate. Say 
for some reason the stack goes out of bounds, 
and the program just hangs. We can write a 
simple macro that returns a “0” when the stack 
reaches a certain value. Let’s say this macro is 
called st_alert(). Let’s assume also we have no 
idea how and where the stack goes out of 
bounds. We can enter gostep st_alert(). XRAY 
will single step through the whole program, 
calling the st_alert macro after each step. This is 
extremely time consuming, but it will locate the 
problem. 


SESSION CONTROL 


There is a "save" command that only works in 
the simulator version; this command saves the 
register and memory contents into a file. This 
feature is not implemented in the emulator 
version because it will take too much time to 


H ITACHI Section 
Hitachi America, Ltd. San Francisco Center * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 * (415) 589-8300 7 #7 





SECTION 





the same way as the "log" command, the 
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XRAY | | | | Application Note 


actually save all the memory contents. _ SIMULATED VO 
However, this does not mean we have to do all . 
the debugging in one session. Here is an If you are using the simulator version XRAY, 
alternative way: you might want to simulate the actual input/ 
; output terminal. For example, if the serial port is 

Helors starting to use any XRAY commands, at address Oxffdb, we can see the output of the 
type: | oe program by typing: 

eR CRE enaneS So outport [Oxffdb],std = = <CR> 


All the commands you enter from this point on This command tell XRAY to print the value of 

will be sent to a viewport. When you are done address Oxffdb to the standard I/O window of 

with the debugging session, type: XRAY. Instead of "std," you can choose to use 
"c." This will cause the messages to be printed 


, in the command window. 
log off <CR> 


This will save all the commands in the file. Next MEMORY 
time XRAY is invoked, type: | 


There are also commands to view or change 


. . memory locations. The following commands, 

include <filename> <CR> followed by memory addresses or range, can 

; Re is, perform a variety of functions. Please refer to 
XRAY will then execute all the commands in the the XRAYH83 H8/300 Debugger manual for 


more details. 


log file. This is not as convenient as "save" and 
‘restore," but it works for both the simulator and 
emulator versions. 








comes [oy 


— 
or eee 
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If you wish to record results, as well as the 
commands, use the "journal" command; it works 


difference being the journal files contain 
command results, - 


Note: The information is not 
automatically saved to a file. It is 
necessary to type in "log off" or 
"journal off" when you are done with 
the session. , | 
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We have practiced with starting XRAY, 
customizing it, monitoring variables and memory 
locations, setting breakpoints, defining macros, 
and utilizing macros. These are just the basic 
commands to get XRAY running. There are 
more commands for more detailed analysis. 
Please refer to the XRAYH83 H8/300 Debugger 
manual for more commands. 


SECTION . 
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{to a a a sn ss is as aes Ss Se enemas ew Se ee me —*x* / 

| /* XRAY DEMO, using H8/325 Flash Board | OR 
/{~——_—_—_——_———— + ee ee ee + x / 
#include “c:\cstuff\iLoaddr.c” /*Address of I/O ports*/ 


#include “c:\mcch83\stdio.h” 
#include <stdlib.h> 


void cpu_init(); /*Initialize CPU (I/O ports...)*/ 

main () 

{ 

unsigned int song; /*The chosen song*/ 

unsigned int counter; /*generic gounter used for loops*/ 
unsigned int delay; /*generic delay counter*/ 

epu_init (); /*Initial serial ports*/ 
beginning: /*Program begins here*/ 


printf (“\r\n"”); 
for (counter=0; counter<20; counter+t) 
A 
for (delay=0;delay<50000;delay++) 
} | | 
printf (“ HITACHI America, Ltd.”); 
printf (“\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b”) ; 
} 
printf (“\r\n"”); 
for (counter=#0; counter<20;counter++) 
{ | 
for (delay=0; delay<50000;delay++) 
{ 
} 7 
printf (“ Applications Engineering”); 
printf (“\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b”) ; 
} | | 
printf (“\r\n\nThis Program Simulates a Jukebox, with no sound.\r\n”); 
printf (“\r\nEnter song number in hex : “); 
iscanf (“%x”, &song); | /*input stored as variable “song” */ 
printf (“\r\nYou have chosen the %x th song\r\n\n”,song); 
switch (song) 
{ 


case 0x07: printf (“Fly me to the moon /-| \x\n"); 
printf (“0 /_\-| \x\n"); 
printf (* | | \xr\n"); 
printf (“ {/ 000000000 bY Nr\a"}s 
printf (“ | HAL Air | \r\n"”); 
printt (™-. PoE eX”); 
printf (“ | | \r\n"); 
printf (“ / | \r\n"); 
break; . 

case 0x0a: printf (“Strangers in the Night \r\n”); 


for (counter=0; counter<30; counter++) 


{ 
for (delay=0;delay<50000;delay++) 
{ 


’ 


Listing 1 Frank.c 
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case 0x12: 


case 0x05: 


u\xr\n"); 
u\r\n"); 
u\r\n"”); 
u\r\n”); 


uuuuuulr\n\n”); 


printf 
printf 
} 

printf 
break; 


} 
(* 2? bam ae 
(“\b\b\b”) ; 


(“:)\xr\n"); 


for (counter=0; counter<20; counter+t) 


{ 

printf 
printf 
} 

printf 
break; 
printf 
printf 


printf 
printf 
printf 
printf 
printf 
printf 
printf 
printf 
printf 


printf 
break; 


(“ New York, New York “); 
(“\D\D\D\D\D\D\D\D\b\D\D\D\D\D\b\b\b\b\b”) ;g 


(“\r\n"”) : 


(“The way you look tonight \r\n”); 
(“Some “); 
for (counter=#0; counter<5000; counter++) 


{ 


} 
(“day \r\n") : 
(“When I am feeling low \r\n”); 
(“When the world seems cold \r\n”); 
(“And I feel a glow just thinking of \r\n"”); 
{* Y y 


c 3 y yY 
(* | yy 
yy 
(“ | yy 


(“And the way you look tonight\r\n”); 


default: printf (“Song number not in selection! !\n\r"”); 


} 


goto beginning; 


} 
void cpu_init () 
{ 


break; 


/*Initialize SCI port*/ . 
*(unsigned char *)sci0_smr=0x00; 
*(unsigned char *)sci0_ brr=31; 

* (unsigned char *)sci0_ scr=0x30; 





Listing 1 cont'd 


SECTION 
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Linker command file: 












start $0030 
sect code = $0030 

LISTMAP CROSSREF, INTERNALS, PUBLICS 

load mainadr 

sect mainvec= $0000 

sect zerovars=$f£b80 

order code, const, strings, INITDATA, heap, zerovars 


~ DOS batch file: 


mcch83 -g -c ~o %l.obj %1l.c 





lnkh83 -c pt.cmd -o %l.abs -m>%l.map %1.obj iscanf.obj h8325.1lib 
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Software Development from C Source to Executable Files 


INTRODUCTION 


The MRI/Hitachi Toolkit , (consisting of the 
Compiler, Assembler, Linker, and Librarian) is 
capable of processing C source codes to create 
executable code. The final code can then be 
debugged using XRAY. This paper will serve as 
a tutorial to demonstrate the process software 
development, using the Hitachi/MRI Toolkit. 


THE SAMPLE ROUTINE 


A very basic routine, called Sinatra, (listing #10 
at the end of this document) will be used to 
demonstrate the process. Using the H8/325 as an 
example, the program prints a menu on the 
screen, then the user makes his choice. After the 
choice is made, the program outputs a 
corresponding message on the screen. The 
difficulty does not lie in programming, but — 
setting up the standard I/O, registers, and 
different sections in memory. Fortunately, the 
set-up only has to be done once. Most of the 
command files and modules can be used for 
other programs. 


SETTING UP 
VO 


The source codes for s_write.c and iscanf.c need 
to be slightly modified to fit the hardware. 
Basically, we need to assign the correct serial 
ports for the read/write routines. These source 
codes are then compiled, assembled and put into 
a customized library. For further information 
please refer to Application Note #AE-0028 
H8/325 Standard I/O. 


Paul Yiu 
ARBRAY 


The emulator version of XRAY require some 
set-up when used for the first time. The default 
baud rate can be changed, as well as the display 
mode. Please refer to Tech Note #TN-0021 
Starting up Emulator version XRAY for details. 


Stack 

The stack should be set at address OxFF80 before 
any instructions begin. Listed below is file 
stack_ini.c. 


#pragma asm 


. SECTION stack_ini, TEXT, ALIGN=2 
mov.w #h’ ££80, sp 
#pragma endasm 
Listing 1: stack_ini.c 





There is a very good reason these lines of code 
are not put inside main. The compiler, at the 
Start of every routine, puts the value of R6 on the 
stack. If we put “mov.w #h’ff80,sp” in the first 
line of main, we would get: 


_Mmain: 
push r6 


mov.w sp, xr6 
mov.w #h’ff£80,sp 
Listing 2: uninitialized stack 





This would mess up the stack. Writing a value 
on an unknown location could give 
undetermined results. 


There is a routine, called s_start.c that 
automatically gets called when the program gets 
linked. This routine sets up the stack for XRAY. 
However, this routine is not actually a part of the 
program. For this program to work without the 
emulator (i.e. on the chip), the stack needs to be 


SECTION | 
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initialized by the program itself. 


Yectors | 
The first several address spaces are reserved for 

i on ; program 
the vector table, which contains addresses of . ST PARA 
various interrupt functions. The reset vector is at stack_ini 


address 0x0000. It should contain the address of 
need another file, called resetvec.c, to manipulate 
the correct address. It is listed below. 


/*Reset vector. To be put at address 0*/ 
void (*mainvec[])Q=(unsigned int 
*)0x0030; 


Listing 3: resetvec.c 





This routine simply defines a dummy pointer to 
point to address 0x0030. We will put this 
pointer at address 0 with the Linker, later. 


We don’t have to specify a particular address for 
the pointer to point to. Say we have a function 
called delay_10 somewhere in the program. If 
we write another file, called delay10.c. It will 
look like this: | 


i : 









extern void delay_10(void); 
void (*vec10[])Q={delay_10}; 

/*function delay_10 can be anywhere*/ 
| Listing 4: delay10.c 


Here, a dummy pointer points to the function 
“delay_10.” We can assign this pointer to any 
address; this is useful for interrupt routines. 


USING MRI TOOLS 


It is a good idea to include the MRI tool 
directories in the autoexec.bat file. Also, create 
another directory to store all the programs. 
Figure 1 shows how the tools work together to 
create executable codes. 


Figure 1 MRI Tools 





Before we go any further with the program, let’s 
take a brief look at each tool. | | 
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Compiler 


As far as the user is concerned, the compiler 
simply “turns” C code into Assembly code. The 
main‘ subject of interest is the long list of 
command options. All of these command-line 
options are useful, but only a few are discussed 
here, for the sake of brevity. 


To invoke the compiler, type: 


mcech83 [option1 option2 option3........ ] 
source_filename <CR> 


The "mcch83" command invokes more than just 
the compiler; this command behaves like a DOS 
batch file. If the user does not tell the software 
how far to process the program, it will go all the 
way and create an absolute file. The 
intermediary files, xxxx.sre and xxxx.obj, will 
not be available. It is better to specify how far 
we want the software to process with some 
command-line options. These ephons, are listed 
below. 


The .c file gets compiled to create 
Assembly, a .src file 


The .c files gets compiled and 
assembled to create an object 
module, a .obj file. 


The .c file gets processed all the 
way to create executable code, a 
.abs file 





Table 1: Compiler Options 


HITACHI | 
Hitachi America, Ltd. ¢ San Francisco Center * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « 






















Line numbers and trace 
information are created. This 
option is extremely important for 
debugging in XRAY. Use this 
option almost always. 


-Fsm |C source code is mixed into the 
assembly code as comments. 


Table 2: Compiler Options 











This option, followed by a 
filename, will name the ouput 
file(s). If this option is not used, 
the default names (xxxx.src or 
XXxx.0bj) will be used. 











This option, followed by a 
filename, will create a listing file 
containing the C source code and 
any errors/warning during 

compilation. 


Output: 
| Table 3: Compiler Options 


Naming t] i 
Thevariable section is renamed to 


whatever the user entered for 
"name". 


The constant section is renamed to 
whatever the user entered for 
"name". 


Table 4; Compiler Options 


The significance of the options will become clear 


later. Refer to the Hitachi MCCH83 H8&/300C 
Compiler maual for more compiler options. 
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Assembler 


The assembler takes the assembly code and 

generates an object module. Most of the time 

the C source code is processed directly to the 

object module, so the assembler command-line 
options are not used very often. 


os rs, To invoke the assembler, type: 


asmh83 [option option2.....] source- 
filename <CR> 


One very useful option is the “‘-1 > filename.” 
This option generates a listing that contains all 
the errors and warning during assembly. Refer to 
the Hitachi ASMH83 H8/300 Assembler manual 

. for more assembler options. 


a Linker 


_ The linker links all the modules together and put 
in the appropriate places in memory. To invoke 
the linker, type: — 


Inkh83 [option1 option2 ae ] object- 
filename <CR> 


Some important command-line options are listed 


een Ss here. 
| -e filename |The command file contains 
zs Ae the linker commands. — 
| | The map file shows the 
locations of various 


modules, variable tables, 






Application Note 


Librarian 


The librarian provides a mechanism to create, 
delete, and edit libraries, which are just 
collections of object modules. The standard 
library contains functions like printf, getchar, 
etc. We can make a custom library for the 
H8325. Please refer to Application Note #AE- 
0028 H8/325 Standard I/O for more information. 
To invoke the librarian, type: 


libh83 [option] [obj-filename] lib- 
filename <CR> 
or 
libh83 < cmd-filename 
<CR> 


Listed below are some librarian command 


options. 











Adds modules to the designated library. 


-d | Deletes modules from the designated 
library. 7 
Extracts modules from the library and 


| generates ".obj" files. 


| Generates a librarian listing. i 


Replaces a module in the library with a 
".0bj" file module. 








Table 6: Librarian Options 


MAKING EXECUTABLE CODE 
and cross-reference tables. | 
Table 5: Linker Options 1) First we want to compile and assemble 
ne | “HITACHI 
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the program. Type: 
mcech83 -g -c sinatra.c <CR> 


We will get a sinatra.obj file, with debugging 
information. 


2) Next we want to compile and assemble ~ 
the auxiliary source codes. Type: 
mcech83 -g -c -NImainvec resetvec.c 
<CR> 
mcch83 -g -c stack_ini.c 
<CR> 


We will get files resetvec.obj and stack_ini.obj, 
with debugging information. Since our reset 
vector is a variable, an “‘init-vars” section will be 
created in the resetvec module (.obj file). Using 
"«NImainvec" renames the init-vars section 
mainvec, So it won’t be confused with the init- 
vars section of the main program. 


3) Before the modules are linked together, 
we need to create a command file for the linker, 


telling the linker how to put modules in memory. 


This is what the command file, sinatra.cmd, 
looks like. 


start $0030 

LISTMAP 
CROSSREF,INTERNALS,PUBLICS 

load resetvec 

load stack_ini 


sect mainvec= $0000 
sect stack_ini=$0030 


sect zerovars=$fb80 
order stack_ini,code,const,strings+ 


__INITDATA,heap,zerovars 


Listing 5: Linker Command File 


HITACHI 
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The first 0x30 bytes of the ROM are reserved for 


interrupt vectors. To leave the first 0x30 
memory addresses alone, we tell the linker to 
Start at address 0x30. 


The second line adds a cross-reference table in 
the map. We will take a look at the map later. 


The third and fourth lines simply load the 
modules and combine them with the program. 


The “sect” commands puts sections in absolute 
addresses. We put the reset vector (0x0030) at 
address 0x0000, stack_ini code at address 


0x0030, and variables at top of RAM. All of the © 


program, with the exception of variables, sit in 
ROM. 


NOTE: The format of the executable 


code will be IEEE. To generate s-record, just | 


add “formats” in the command file. The 
ASE machine takes s-record format, while 
XRAY accepts IEEE format. 


The final step is to use the linker. Type: 


Inkh83 -c sinatra.cmd -m>sinatra.map - 
o sinatra.abs sinatra.obj h8325 
<CR> _ 


We used "-c sinatra.cmd" to tell the linker to 
receive commands from the sinatra.cmd file. 
We get a map file that lists the locations of 
various modules by typing "-m>sinatra.map." 


The final product, sinatra.abs, is executable 
code, and it can be used for debugging. To 
download the program, we'll need to generate S 
record output. This would be accomplished by 


adding "format s" in the command file. Let’s 


take a look at the sinatra.map file on page 7 
(listing 6) and see where the sections went. 


Section 
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Listing #6 on page 7 shows the sections all went | 


to the right places. We generated a cross- 
reference table and put it in the map file. Let’s 
take a look at part of the cross-reference table. 
(listing #7 page 7) | 


The cross-reference table shows all the functions 
and variables, as well as the functions that called 
them. 


There is also a module section in the map file; it 
lists all the modules, either user-defined or from 
the library, as well their sizes. Part of the 

- module section is shown in listing #8, on page 7. 


Some of the steps taken to generate executable 
code from C source may seem tedious, but they 
only have to be done once. Only minor 
modifications need to be done for different 
programs. For example, we can create a DOS 
batch file, called mk_code.bat. For the future 
programs, we only have to type: 

mk_code program_name 

<CR> 
to create executable code. 


This is what a mk_code.bat file might look like: 


cch83 -g -c -o %1.obj -1 M1 Ast Zl1.c 


Inkh83 -c h8325.cmd_ -o %1.abs -m>% 1.map 
%1.0bj h8325.lib 





Listing 9 mk_code.bat 


The file 48325.cmd will probably look very 
~ much like sinatra.cmd. H8325.lib includes user- 
defined I/O routines. During execution, the 
symbol "%1" will be replaced by parameter 
“program_name." Basically, this batch file 
performs all the work in one command. 
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SUMMARY: 

1) When compiling the C source code , 
use the -g and -1 command-line options. 

2) Create a separate module to set up the 
stack pointer; this module can be re-used 
by different programs. 

3) Process all C codes with the -c 


command-line options to create object 
modules; then, use the linker to link all 


_ the modules together. 
4) Create a command file for the linker. 
_ The command file can place modules in 
desired order. 
5) When debugging with XRAY, use 


IEEE format output. For debugging with 
the ASE machine alone, use S record _ 
format output. 
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SECTION SUMMARY 


SECTION ATTRIBUTE LENGTH ALIGN 
mainvec NORMAL DATA 0002 2 (WORD) 


stack_ini NORMAL CODE 0004 (WORD) 
code - NORMAL CODE 198E (WORD) 
const NORMAL CODE 01A9 (WORD) 
strings NORMAL CODE 01C0 (WORD) 
__INITDATA 

NORMAL DATA 0000 (WORD) 
heap | NORMAL DATA 0002 (WORD) 
zerovars NORMAL DATA 018C (WORD) 


Listing 6: sinatra.map 


_getNum10 iscanf 

_getNum16 _ discant 

_getchar getchar 
hesr 





_iscanf iscanf 
_iscr =  conSt ——.essseee 


Listing 7: cross-reference table 


SECTION: START SECTION: END FILE 


const:194E const:19D7 C:\XHIH83\PROGRAM\pt3.obj 
strings:1AF8 strings:1BB7 
code; 0030 code:0137 
zerovars:FB80 zerovars:FB9B : \XHIH83\PROGRAM\iscanf.obj 
code :0138 code:07B9 
const:19D8 const:1AD8 : \XHIH83\PROGRAM\h8325.1lib 
const:1ADA const:1lAF6 : \XHIH83\PROGRAM\h8325.1lib 
code:07BA code:07F7 
code: 07F8 code: 090F : \XHIH83\PROGRAM\h8325.1ib 
code:0910 code:09C5 : \XHIH83\PROGRAM\h8325.1ib 
zerovars:FB9C zerovars:FB9C : \XHIH83\PROGRAM\h8325.1lib 











Listing 8: modules 
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[Macisnb ens cnwene snes e Roane sae aan seo ese eee aS x / 
/* Program: Sinatra.c */ 
[ecededcekens canteen tecseaes ee wes assesses see Sees x / 


#include “c:\cstuff\ioaddr.c” /*Address of I/0 ports*/ 
#include “c:\mcch83\stdio.h” 
#include <stdlib.h> 


of 


void cpu_init(); /*Initialize CPU (I/O ports...) */ 
main () 

unsigned int song; : /*The chosen song*/ 
cpu_init (); 

beginning: 


printf (“\r\nEnter song number in hex : “); 

iscanf (“%x”, &song); | 

printf (“\r\nYou have chosen the %x th song\r\n\n”, song) ; 
switch (song) 


{ 

case 0x07: printf (“Fly me to the moon /-| \r\n"); 

| printf (“ 0 /_i | \xe\n"); 
printf (‘“ | | \e\n"); 
printf (“ / 000000000 | \r\n"”); 
printf (“ HAL Air [| \r\n"); 
printf (* | | \r\n %); 
printf (* | | \r\n"); 
printf (* / | \r\n"); 
break; | 

case 0x0a: printf (“Strangers in the Night \r\n”); 
break; | 

case 0x12: printf (“New York, New York \r\n”); 
break; 

case 0x05: printf (“The way you look tonight \r\n”); 
break; 

default: printf (“What? Not on this CD! !\n\r”); 
break; 


} 
goto beginning; 


J 


void cpu_init () 

{ | 

SS 

/*set for address outputs*/ 

/*——___——_*/ 
/*Initialize SCI port*/ 
*(unsigned char *)sci0_smr=0x00; 
*(unsigned char *)sci0_brr=31; 
*(unsigned char *)sci0_ scr=0x30; 


Listing 10 Sinatra.c 
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Assembler instructions, after the linker. 


0030 7907 FF80 mov.w #H’FF80:16,sp 


0032 FF80 mov.b #H’ 80:8, spl 

0034 6DF6 push.w  r6 

0036 O0D76 mov.W sp, xr6 

0038 7900 0006 mov.w #6, x0 

003A 0006 nop 

003C 1907 sub.w r0,sp 

003E 6DF2 push.w r2 

0040 6DF3 push.w  r3 

0042 5E00 OOFA jsr @cpu_init:16 
0044 OOFA nop 

0046 7900 0001 mov.w #mainvect1, r0 
0048 0001 nop 

004A 6FEO FFFA mov.w r0,@(-6:16, r6) 
004C FFFA mov.b #H’'FA:8,spl 

004E 1900 sub.w r0,xr0 

0050 6FEO FFFC mov.w r0,@(-4:16, r6) 
0052 FFFC mov .b #H'FC:8,spl 

0054 1922 sub.w r2,x2 

0056 F801 mov.b #mainvect+1,r01 
0058 6EA8 FC64 mov.b r01,@(-924:16, r2) 
OO5A FC64 mov.b #H’ 64:8, r41 

005C OBO02 adds.w  #1,r2 

0OOSE 7900 0011 mov.w #H'11:16,r0 

0060 0011 nop 

0062 1D02 cmp .w r0,xr2 

0064 4DF0 blt H’'FO ; =>56 
0066 1922 sub.w 42,2 

0068 6E28 FC64 mov.b @(-924:16,r2),r01 
OO6A FC64 mov .b #H’ 64:8, r41 

006C 474C beq H’'4C ; =>BA 
O06E 0D20 mov.w r2,r0 

0070 0900 add.w r0,xr0 

0072 O0B80 adds.w  #2,r0 

0074 OBOO0 adds.w  #1,r0 

0076 6FE0O FFFE mov.w r0,@(-2:16,r6) 
0078 FFFE mov .b #H’FE:8,spl 

007A ODO03 mov .W r0,x3 

007C 0923 add.w r2,r3 

OO7E 400C bra H’'C 3; =>8C 

0080 F800 mov.b #0,r01 

0082 6EB8 FC64 mov.b  r01,@(-924:16, 3) E 
0084 FC64 mov.b #H’ 64:8, r41 ss 
0086 6F60 FFFE mov.w @(-2:16,r6),xr0 7, 
0088 FFFE mov.b 





#H' FE:8,spl 


Listing 11 disassembled code 
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008A 0903 add.w r0,x3 





008C 7900 0011 mov.w  #H’11:16,r0 
0OO0O8E 0011 nop 
0090 1D03 cmp.w r0,x3 
0092 4DEC bit H’EC ; =>80 
0094 6F60 FFFC mov.w @(-4:16,r6),r0 
0096 FFFC mov.b #H’FC:8,spl 
0098 OBO0O adds.w #1,r0 | 
0OO0O9A 6FEO FFFC mov.w r0,@(-4:16, r6) 
009C FFFC mov.b #H’FC:8,spl 
0O09E 6F60 FFFE mov.w @(-2:16,r6),xr0 
0OOAO FFFE mov.b #H’FE:8,spl 
0O0A2 6DFO — push.w  r0 
00A4 6F60 FFFC mov.w @(-4:16,r6),r0 
OOA6 FFFC mov.b #H'FC:8,spl 
00A8 6DFO0 push.w 10 | 
OOAA 7900 1AFA mov.w #H’ 1AFA:16,xr0 
QOOAC I1AFA dec.b r21 
OOAE 6DFO — push.w r0 

0OBO 5SEO0OO OBC4 jsr @print£:16 
00OB2 OBC4 adds.w #2,4r4 
00B4 7904 0006 mov.w  #6,r4 
00OB6 0006 nop 
00OB8 0947 add.w r4,sp 
OOBA 0OBO02 adds.w =#1,r2 
00BC 7900 0011 mov.w #H’'11:16,r0 
0OOBE 0011 nop . 
00CcCO 1D02 cmp .w r0,xr2 
00C2 4DA4 blt H’A4 ; =>68 
00C4 6F60 FFFA mov.w @(-6:16,r6),r0 
00C6 FFFA mov.b #H’FA:8,spl 
00c8 Q0BO00  adds.w  #1,r0 
QOCA 6FE0O FFFA mov.w r0,@(-6:16,r6) 
0OOCC FFFA mov.b #H’FA:8, spl 
OOCE 7901 0001 mov.w #mainvecti, ri 
0ODO OQ001 nop 
00D2 1D10 cmp .w €1,.x0 | 
00D4 4E04 bgt H'4 ; =>DA 
00D6 5A00 004E jmp @H’ 4E:16 
00D8 004E ' nop 
OODA 6F60 FFFC mov.w @(-4:16,r6),r0 
OODC FFFC mov.b #H'FC:8,spl 
QOODE 6DF0 push.w r0 
00OEO 7900 1B0B mov.w #H’' 1B0B:16, r0 
0OE2 1B0B subs.w  #1,r3 
0O0OE4 6DF0 push.w  r0 
O0OE6 5E00 OBC4 jsr @printf£:16 
0O0OE8 OBC4 adds.w #2,r4 
QOOEA 0OB87 > adds.w #2,sp 

Listing 11 cont'd 
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#2,Sp 


r3 
r2 
r6,sp 
r6 


@sci0_smr:16,r0 
r3,xr6 

#0,xr11 

r11,@r0 

@scid _brr:16,r0 
r3,x0 
#H'1F:8,r11 
r11,@r0 
@scid_scr:16,r0 
¥3,,62 

#H’ 30:8,4r11 
r11,@r0 


Ww 
WwW 
-b 
-b 
.W 
.W 
.b 
-b 
.W 
WwW 
-b 
~b 








END of listing 11 
z 
2] 
_ 
O : 
Lu 
” 

H ITACHI ; Section 
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H8/325 Standard I/O a 
aul Yiu 
INTRODUCTION output go to a Serial port, we only need to | 
7 replace the variable with the serial port address. 
The MRI/Hitachi toolkit for the H8/300 is j 
supplied with standard I/O routines; however, The modified s_write.c is listed below. 
these routines were written to simulate I/O on the /*sci0 ssr and sci0 tdr are defined*/ 
PC terminal. This means the user serial I/O 7 7 
interface goes through the debugging terminal, /*as constants in another file*/ 


not the serial ports of the CPU. To have a “real” 
user I/O interface, we need to change some 

source code, compile it, and put it in the correct extern int const sci0 tdr; 
library module as replacement routines. 7 


_ extern int const sci0_ssr; 


/*function write*/ 


The two most important I/O functions are printf ies peer: * a) ne ae err 
and iscanf. Printf outputs variables and strings age ss 

to the screen, while iscanf takes user’s input or — unsigned int i; 

commands. 
for (i = nbyte; i != 0; i--) © 

Code Operation while ( (*(unsigned char *)sci0_ssr) 
< 0x80) 

: { 
Figure 1 shows how printf works. We only need ;/*wait till ready to transmit*/ |’ 


to change s_write.c to change the printf routine. } 
| - *(unsigned char *)sci0_tdr=*buffert+t; 
* (unsigned char *)sci0_ssr = 
((* (unsigned char *) sci0_ssr) &0x7f) ; 


return (nbyte); 
} 





Listing 2: s_write.c 


Figure 1: printf routine 


The two variables, sci0_tdr and sciO_ssr are 
defined as constants. To cast the variables into 





Parts of the original s_write.c are listed here. addresses, we put "(unsigned char *)" in front of 
the variables. Another "*" in front accesses the J 
for (i=nbyte;i!=0;i--) content of a specific address. Please refer to © 
_simulated_output=*buffer++; Technote #TN-0020 Direct Memory Addressing & 
return (nbyte); with C Pointers for more details on pointers and 
Listing 1: s_write.c (original) ‘casting. 
The output is sent to the variable The code in bold and italic are modified for the 
_simulated_output, which is displayed on the --H8/325. Bit 7 of sci0_ssr (Serial Status 
XRAY debugging output screen. Tomake the _—sRegister) , when set to 1, indicates that Transmit _ 
HITACHI Section 
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Data Register (TDR) is empty; this means 
"ready to transmit." Sci0_tdr is the address of 
the TDR, where data goes to be output. After 
the data is sent to the data register, we clear bit 7 
of the Serial Status Register because the TDR is 
now full. The hardware will set bit 7 of Serial 
Status Register after the data is transmitted to the 
shift register. Now the CPU is ready to transmit 
another byte of data. 


Input 


The standard input routine is iscanf. The source 
code of iscanf is available in the package. 
Iscanf calls the macro "get_port," which in turn 
calls "getchar." Getchar can be used as a 
macro or a function. In iscanf.c, getchar the 
macro is used, but it is much more convenient to 
redefine the function, so we won't have to deal 
with the stdio.h file. Listed below is part of the 
supplied iscanf.c source code: 






#define GET PORT() (sf_lent++, getchar()).. 
#define UNGET_PORT(c) (sf_len--,ungetc(c, 
stdin)) . | 









/* Function prototypes */ 
Listing 3: iscanf.c (partial) 


To call the function instead of the macro, we just 
_ add parenthesis around “gefchar." 
So, the new iscanf code contains the following: 


#define GET _PORT() (sf_lent+t+, (getchar) ()) 
#define UNGET _PORT(c) (sf_len--,ungetc(c, 
stdin) ) 7 


|/* Function prototypes */ 


Listing 4: iscanf.c (partial) . 


The original getchar routine tries to get input 
from the debugging terminal. We need to 
modify it to accept characters from the serial 
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port. What we will do is to write a getchar.c 
routine, compile and assemble it, then put it in 
the library, so each time getchar is called, our 
modified function will be used. Listed below is 
the custom-made getchar routine: 


extern int const sci0_ssr; 
extern int const sci0_rdr; 


- unsigned char getchar () 
{ 
unsigned char c; 
while (((* (unsigned char *)sci0_ssr) | 
Oxbf) == 0xbf) 
{ | 
;/*loop till character a 


vailable*/ 

} 
c=* (unsigned char *)sci0_ rdr; 
*(unsigned char *)sci0_ssr=((* (unsigned 
char *)sci0_ssr)&0xbf); 
printf (“%c”,c); /*echo input on the 
screen*/ 
return (c); 


} 


Listing 5: getchar.c 


Compilation of source codes 


Now there are three new C source codes, 
iscanf.c, s_write.c, and getchar.c. These 
routines need to be compiled, assembled, and 
linked into the library for future use. Instead of 
modifying the original library, we should make a 
copy of the original and modify the second copy. 
The library is located in c:\whih83Nib directory; 
it's called ch83emc.lib. First, we'll make a copy 
of it, called h8325.lib. This library is just a 
collection of all the modules of standard 
functions, such as printf, scanf, getchar, putchar, 
etc. Included in the MRI Toolkit is a librarian 
utility; we'll use the librarian to modify our 
H8325.lib file. The librarian utility is a "module 
manager." The librarian can create, edit, add, or 
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Figure2: Standard 1/O Modules 


dele te libraries that contain often-used functions. 


For more information on the librarian, please 
refer to Application Note AE-0029, Software 
Development from C source to S record. 


First we want to take out the old s_write and 
- getchar modules from the library. 


c\> Hbh83 -e s_write h8325.1ib 
c\> libh83 -e getchar h8325.lib 


The "-e" flag extracts these modules. Now there 
are two .obj files called s_write.obj and 
getchar.obj. These files should be renamed, so 
they are not confused with our new modules. 
We'll rename them as s_write.old and 
getchar.old. Now we want to delete these two 
modules from the library. 


c\> libh83 -d s_write h8325.lib 
c\> libh83 -d getchar h8325.lib 


The "-d" flag deletes modules from the library. 


The next step is to compile and assemble our 
new source codes. 


HITACHI 


c:\> mech83 -c s_write.c 
c\> mech83 -c getchar.c 
c\> mcch83 -c iscanf.c 


The "-c" flag tells the compiler to make .o5j files 
with the source, without creating executable 
files.. Now, there should be .c, .obj, and .old 


files. The last thing is to put our new modules 


into the library. 


c\> libh83 -a s_write.obj h8325.lib 
c\> libh83 -a getchar.obj h8325.lib 
C\> libh83 -a iscanf.obj h8325.lib 


The "-a" flag adds modules to the library. 


The h8325.lib file now contains the updated I/O 
routines for future use. The h8325.lib file should 
be linked in when creating executable files. For 
more information on the linker and its command 
line options, please refer to Application Note 
AE-0029, Software Development from C source 
to S record. 


SECTION _ 
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Tutorial 


Forth Display Routine Demonstration 


Introduction 


Replacing a debug monitor with a Forth interpreter gives 
hardware and software developers new options in developing 
and debugging designs. This Tutorial demonstrates the use of 
a Forth interpreter through the writing of test and nem 
programs for an LCD display system. 


Forth interpreters are now available for use with Hitachi’s H8/ 
532 and H8/330 microcontroller evaluation boards. The 
interpreters are available in object code form to be pro- 
grammed into EPROM. 


This Tutorial assumes some knowledge of Forth, and/or 
access to a Forth reference document. While the Forth 
examples shown here apply to an H8/532-based LCD display 
system, the ideas used apply to other microcontroller-based 
system developments. 


A detailed description of this LCD Display system is available 
in a Tutorial on the HD61830B and LM200. This Tutorial is 


document number AE150, available from your local Field 


Application Engineer. Please refer to this document for 
system details. 


Forth Simplifies Debug Monitor Functions 


Using a Forth interpreter speeds up microprocessor-based 
hardwarecheckout by allowing users to exercise the circuitry 
without generating native object code. Hardware designers 
can test circuitry by using Forth commands for interactively 
writing to and reading from memory locations and hardware 
registers in the memory or I/O map. 


Memory interfaces can be tested by writing to memory 
locations and reading back to see that data was written. 
Peripheral device interfaces are tested similarly, and periph- 


eral functions are tested by initializing control registers and — 


Marnie Mar 


the monitor to provide a line assembler, which requires the 
user to type assembly commands line by line. The third 
method requires an editor and a cross-assembler running on a 
PC, which are used to generate an object code file that must 
then be downloaded to target memory. 


The Forth interpreter eliminates these steps by allowing the 
user to enter high-level commands which control the system. 
These commands are executed (interpreted) with each car- 
riage return. 


Obtaining Forth 


The object code files for the Forth interpreters (and the 
demonstration files used here) are available on the HAL 
Application Engineering Bulletin Board system. Please 
contact your local FAE for information on accessing this 
bulletin board and obtaining these files. 


Installing Forth 


The Forth object code should be programmed into an 
HN27C256 or HN27512 EPROM by downloading the S-type 
or binary format object code into a device programmer. If an 
HN27512 device is used for the H8/532 board, program the 
Forth object code starting at device address 8000h. Other- 
wise, program the object code starting at address Oh. 


Once programmed, the Forth EPROM replaces the debug 
monitor EPROM on the H8/330 Evaluation Board | 
(US338EVB01H) or the H8/532 Evaluation Board 
(US538EVB21H). Both boards use the shipping switch 
configurations with the following exception: on the H8/330 
Evaluation Board, jumper W2 should be set for the EPROM 
size used. | 


Starting Forth 


After installing the Forth EPROM and confirming jumper S 
placement, connect a terminal or a PC running terminal 6 
emulation software to the evaluation board. Configure the 
terminal for 9600 baud, no parity, one stop bit. Apply power 
to the board, and a Forth sign-on message followed by the “ok” 
prompt should appear. 


checking for the expected operation. 





When aang a debug monitor, the user is required to perform 
many steps just to get a test program into memory. One 
method is to hand enter machine code into memory to be 
executed using monitorcommands. Another method relies on 
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Tutorial 


Stack following EC! 


ieee a 


top of stack 


Stack is accessed 16 bits 


at a time 


"XX" is a don't care byte 


Memory after EC! 





Figure 1 - EC! Stack and Memory Operation 


Using Forth 


Following the “ok” prompt, type VLIST (note that all Forth 
words are defined in capital letters, and text entries are case 
sensitive). This lists all words defined in the Forth dictionary. 
Some of these words are standard Forth commands and should 
be described in your Forth reference document. Other words 


are recognizable as constant names defined for on-chip pe- 


ripheral register locations. 


At this point, Forth commands can be entered, and values can 
be placed on the stack. How are values placed on the stack? 
When a user types in information following the “ok” prompt, 
Forth first determines if the typed value is the name of an 


operation currently defined in the dictionary (either part of the 
kernel or defined by the user). If so, the defined operation is 
carried out. If not, Forth assumes this is a value to be placed 
on the stack. 


To view the contents of the stack, use".S". This displays stack ~ 
contents without changing the stack. "." displays the value on 
the top of the stack and also removes the value fromt he stack. 


Testing an interface 
The first task is to determine if the H8/532 to HD61830B 


interface is performing properly. To check this interface, 
values can be written to registers in the device, then read back 
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for verification. This is accomplished in H8 Forth using the 
operators EC! (to write to an address) and EC@ (to read from 
an address). 


EC! and EC@ were defined for H8 Forth based on the standard 
Forth operators C! and C@. The H8 microcontroller instruc- 
tion set includes instructions that synchronize data transfers to 
and from peripheral addresses using E clock timing. C! and 
C@ are based on reads and writes using standard H8 bus 
timing, while EC! and EC@ are based on reads and writes 
using the E clock timing. 


Forth is a stack-based language that takes input parameters for 
an operation off the stack, and places operation results back 
on the stack. For EC!, Forth pops the word value on the top 
of the stack and accepts it as amemory address. The next byte 
on the stack is popped as a value, which is written to the 
popped address. This operation stores no results to the stack. 
See Figure 1 for a diagram of this operation. 


The EC@ operation reads a value from an address. The 


address is popped from the top of the stack. A byteisread from 
this address, and is pushed onto the stack to be used by Forth 
operations to be executed in the future. 


Documenting Forth 

Listings of Forth operations are commented using a descrip- 

tion of what is popped from the stack and whatis pushed to the 

stack. For instance, in the case of EC!, the listing would show: 
EC! ( address value — ) 

EC! is the operation performed. The opening paren signals the 

Forth interpreter that a comment follows. It must be followed 

by aspace. EC! pops first an address, then a value. The “— 

” separates what is popped from what is pushed. In this 

example, no data is pushed back on the stack, so none is 

shown. The closing paren terminates the comment. 

| Similarly, EC@ would be commented as follows: 

EC@ ( address — value ) 


showing that EC@ pops an address from the stack, and places 
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between the microcontroller and an E clock peripheral with a 
read/write register at address 8000h: 


HEX ( all numerical values are hex ) 
FF 8000 EC! ( write FFh to 8000h ) 
8000 EC@ ( read location 8000h, place value 
on stack ) 
( remove top stack value and display ) 


The word HEX causes all further numerical inputs to be 
recognized as hex values. These commands are typed in 
response to the “ok” prompt. When the value read from the 
register is displayed, the user can see if the it is FFh as 
expected. Other write values can be tested in the same way. 


Testing the HD61830B interface 


Testing the interface between the H8/532 and the HD61830B 
is not as simple as performing a write and a read, since this 
device does not have directly addressed registers. To access 
a register, the user must first write the address of the register 
to the device’s instruction register, then either read or write 
data in a data holding register. 


Labels can be used in place of the numerical register addresses 
and register numbers. The registers and register numbers can 
be defined for the HD61830B as follows: 


7FF1 CONSTANT INSTREG 
7FFO CONSTANT WRITREG 
7FF1 CONSTANT BFLAG 


YRmvaq wPrpuo eer wNnrF Oo 


CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 


CONSTANT 


CONSTANT 
CONSTANT 
CONSTANT 


MODEREG 


CHARPITCH 


NUMCHAR 
NUMTIMES 
CURPOS 
DSTARTLO 
DSTARTHI 
CURSLO 
CURSHI 
WRTDSP 
RDDISP 
CLRBIT 
SETBIT 


ae Rr Sa 


Each line would be entered followed by a carriage return, and Z 
the interpreter would respond with “ok” as the constant is e 
- accepted. | 


the value read from the address on the stack following the 


operation. my 





Once the register addresses have been defined as constants, 
writing of data can be simplified using a Forth colon eon. 
called WRITVAL: 


Testing a peripheral interface 


The following sequence can be used to test the interface 
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: WRITVAL 


INSTREG EC! ( write to INSTREG ) 
WRITREG EC! ( write to WRITREG ) 
BEGIN 

BFLAG EC@ ( read BFLAG ) 

80 AND ( AND with 80h ) 

80 <> ( loop until not equal ) 
UNTIL 


( CONDITION — ) 


. 
v 


A colon definition defines a new operation, which becomes 
part of the Forth dictionary. Whenever WRITVAL is typed 
followed by a carriage return, this operation is carried out. A 
colon definition is terminated by a semicolon. When such a 

definition is entered to a Forth interpreter, the “ok” prompt is 
not displayed until the entire definition has been entered, and 
the semicolon terminator has been received. During defini- 
tion (between the ":" and the ";") no execution takes place. 
The defined word must be entered as a command in order for 
the defined function to take place. 


As shown in the comment on the first line of WRITVAL, this 
operation takes a register value and a register number off the 
stack, and places no data back on the stack. In other words, 
when the WRITVAL operation is requested, the user must 
make sure that these two values are on the stack, or an error 
will occur. : 


To write a value the value 12h into the mode register, use the 
following sequence (output from interpreter is underlined): 


place 12h on the stack: 
ok 12 


place the register number on the stack: 
Qk MODEREG 


execute WRITVAL: 
ok WRITVAL 


The function is complete when the "ok" prompt is returned. 


The HD63810B should not be accessed again until the re- 
quested operation (write to the mode register) has completed. 
The device sets the most significant bit of the BFLAG register 
when it is busy, and clears this bit when the operation has 
completed. The second half of the WRITVAL colon defini- 
tion takes care of this. | 


The BEGIN— UNTIL sequence isalooping construct. When 
the UNTIL is reached, Forth pops the value at the top of the 


stack. A value of zero isa false condition, which causes aloop 
back to BEGIN. A non-zero value is taken to be a true 
condition, which terminates the loop. 


The busy flag is checked by first reading the BFLAG register, 
ANDing the value with 80h, then comparing the value with 
80h. If the value is equal, a busy condition exists, and the loop 
should continue. Otherwise, the loop ends. 


Writing and Reading Display RAM 


Since the HD61830B lacks read/write registers, a write then 
read back test cannot be performed. An alternative method 
of testing is to cause the HD61830B to write to display RAM, 
then read back the written value. To write to the display RAM, 
the HD61830B must be initialized as to operating mode, 
display RAM start location, and cursor start location. The 
cursor moves forward with each display RAM access, so to 
read the same location that was written, the cursor must be 
backed-up. The operation is as follows: 


initialize mode 

initialize display RAM start address 
initialize cursor location 

write to display memory 

move cursor back — 

read from display memory 

compare read and written values 


A sequence of Forth commands to perform this operation is 
shown in Appendix A. 


Writing display demonstrations 


Once the interface has been tested, Forth can be used to write 
display programs for demonstration. Rather than enter each 
program line by line to the interpreter, it is possible to combine 
Forth operations and colon definitions into a text file. These 
files can then be downloaded from a PC to the user system 
using the file transfer capabilities of a terminal emulator 
program. The Forth interpreter accepts these inputs as if they 
were inputs from the keyboard. | 


The interpreter interprets Forth operations line by line. There- 
fore, there may be a delay between the time a line of your file 
is accepted, and the time the interpreter is ready for the next 
line. If the next line is sent by the PC too soon, the Forth 


_ interpreter will miss characters. 


~ To minimize the chance of missed characters, a feature of the 


terminal emulation package is used to cause a pause between 
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download of a carriage return and the following line. This 
pause can be adjusted to suit the file being downloaded. 


The four demonstration files perform the following tasks: 


- initialize the LCD controller in character mode, and display 
the full character set available on the HD61830B device 


- initialize the LCD controller in graphics mode, and display 
a checkerboard pattern 


- initialize the LCD controller in graphics mode, and tile the | 


display with different tile patterns 

- initialize the LCD controller in graphics mode, prompt the 
user for an eight byte tile pattern (8 dot x 8 dot tile), and tile 
the display with this pattern. 


The Forth files required to run these programs are listed in 
Appendix B. 


Running the demonstration programs 


Running the demonstration programs requires an LCD Soft- 


ware Development Station (available from Hitachi America, — 


Ltd.), a Forth EPROM for the H8/532 evaluation board, a PC, 
the demonstration Forth files and a terminal emulation soft- 
ware package. PROCOMM Plus, available from Datastorm 
Technologies, Inc. was used during development. 


The terminal emulation software should be set up to provide 
a delay following each line downloaded. PROCOMM Plus 
can be setup to perform this line pacing by accessing the line 
pacing parameter in the ASCII Transfer Options Setup screen. 
The demonstrations shown here were transferred with 30 
second pauses between lines. This parameter should be length- 
ened if necessary so that no missed characters occur between 


the time that a Forth command is sent and the time that the 
interpreter is ready to receive another command. 


When the “ok” prompt is on the screen, initiate the download 
using the file transfer features of the terminal emulation 
package. Lines of the file will be displayed, followed by "ok". 
The Forth interpreter executes the commands as if they were 
typed from the keyboard by the user. Watch the LCD display 
for the program results. 


When the download is completed, remember that the colon 
definitions of the file have been loaded to the dictionary and 
can be entered at the keyboard and used for further demonstra- 
tion. For instance, following the download of the pattern tiling 


file, the pattern names defined can be entered to cause these — 


patterns to display on the LCD. 
Since each file redefines the CONSTANT values, the H8/532 


board of the Software Station should be reset prior to down- 
loading the another demonstration file. 


Summary 


A Forth interpreter replacing the debug monitor on an H8/532 
or H8/330 evaluation board can be used to test hardware 


interfaces and generate hardware test programs. These pro- - 


grams can be stored in ASCII file format for downloading for 
future execution. Once downloaded, colon definitions de- 
fined in the file can be used as Forth commands to the 
interpreter. : 


The hardware-friendly interface of Forth minimizes the time 
and code generation required to test system Circuitry. Writin g: 


application software in any language is greatly simplified | | 


For more information on any of the hardware or software tools 


described in tutorial, please contact the Field Application 
Engineer in your local Hitachi Field Sales office. 


The information in this Tutorial has been carefully checked; however, the contents of this Tutorial may be changed and modified 
without notice. The company shall assume no responsibility for inaccuracies, or any problem yONng a patent caused when 
applying the descriptions in this Tutorial. : 
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Appendix A - RAM write and read through HD61830B 
( Forth commands to test writing then reading of 
( Display RAM using the HD61830B in character mode ) 


( values to be entered in hexadecimal ) 


HEX 


( define HD61830B register address constants ) 


JFF1 CONSTANT INSTREG 
7FFQO CONSTANT WRITREG 
7EFFOQ CONSTANT RDREG 


0 QOD PoODhOAR 


CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 


MODEREG 
CURPOS 
DSTARTLO 
DSTARTHI 
CURSLO 
CURSHI 
WRTDISP 
RDDISP 


MODEREG INSTREG EC! — 


1C WRITREG EC! 


“DSTARTLO INSTREG EC! 


00 WRITREG EC! 


DSTARTHI INSTREG EC! 


00 WRITREG EC! 


CURSLO INSTREG EC! 
00 WRITREG EC! 


CURSHI INSTREG EC! 
00 WRITREG EC! 


-WRTDISP INSTREG EC! 
AA WRITREG EC! 


CURSLO INSTREG EC! 
00 WRITREG EC! 


CURSHI INSTREG EC! 
00 WRITREG EC! 


RDDISP INSTREG EC1 


define HD63180B register number constants ) 


( write reg # to INSTREG ) 


( write mode ) 


( load Disp RAM start addr lo) 
( load disp RAM start addr hi) 


( initialize cursor) 


{ initialize cursor) 


( write AA to display RAM ) 


( move cursor back - write to RAM automatically moves it forward) 


( move cursor back ) 


( read RAM and display ) 





RDREG EC@ | | ae 
( value displayed should equal value written ) 
Section H ITACH i 
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Appendix B - Forth Demonstration Files 


( Demonstration Program for H8/532 and HD61830B system ) 
( Demonstrates character display mode ) 


( values to be entered in hexadecimal ) 
HEX 


( define HD61830B register address constants ) 
7FF1 CONSTANT INSTREG 

7FFOQ CONSTANT WRITREG 

7FF1 CONSTANT BFLAG 


define HD63180B register number constants ) 


CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 


CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 


ymoOOWPrPr WO WA WHE OX 


CONSTANT 


MODEREG 
CHARP ITCH 
NUMCHAR 
NUMTIMES 
CURPOS 


DSTARTLO 


DSTARTHI 
CURSLO 
CURSHI 
WRTDISP 
RDDISP 
CLRBIT 
SETBIT 


( WRITVAL writes a word to an HD61830B register, then waits 


( for Busy condition to clear) 

: WRITVAL ( REGVAL REGNUM — ) ' 
INSTREG EC! ( REGNUM — ) 

WRITREG EC! ( REGVAL — ) 

BEGIN 

BFLAG EC@ ( — FLAG ) 

80 AND ( FLAG — BIT7 TEST) 

80 <> ( BIT7 TEST — CONDITION ) 


UNTIL 


° 
a’ 


( CONDITION — ) 


( CLEARSCREEN moves the cursor to the starting position and 
( write 20h to screen to display spaces ) 

: CLEARSCREEN 

00 CURSLO WRITVAL 

00 CURSHI WRITVAL 


1FF O DO 5 
20 WRIDISP WRITVAL 5 
LOOP us 





. 


( continued on next page ) 
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Appendix B - Forth Demonstration Files - continued | Character Mode Demonstration 





( HD61830B Initialization commands) 

1C MODEREG WRITVAL ( char mode, display off) 
95 CHARPITCH WRITVAL ( 10 x 6 block char ) 

27 NUMCHAR WRITVAL 

1F NUMTIMES WRITVAL 

08 CURPOS WRITVAL ( display cursor at line 9) 
00 DSTARTLO WRITVAL 

00 DSTARTHI WRITVAL 


CLEARSCREEN 
3C MODEREG WRITVAL ( turn on display ) 
( DISPSCREEN loops from 20h to FFh, displaying the 
( character corresponding to the loop variable ) 
: DISPSCREEN 
00 CURSLO WRITVAL 
00 CURSHI WRITVAL 
FF 20 DO 
I. WRTDISP WRITVAL 
LOOP 


( DISPLAY CHARACTER SET ) 
DISPSCREEN 
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Appendix B - Forth Demonstration Files - continued 


( Forth commands to display a checkerboard pattern on ) 
( LCD panel using HD61830B graphics mode ) 


( all following numeric entries in hexadecimal ) 
HEX 


( define HD61830B register address constants ) 
7JFF1 CONSTANT INSTREG 

7FFO CONSTANT WRITREG 

7FF1 CONSTANT BFLAG 


define HD63180B register number constants ) 


CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 


MODEREG 


CHARPITCH 


NUMCHAR 
NUMTIMES 
CURPOS 
DSTARTLO 
DSTARTHI 


CONSTANT CURSLO 
CONSTANT CURSHI 
CONSTANT WRTDISP 
CONSTANT RDDISP 
CONSTANT CLRBIT 
CONSTANT SETBIT 


yYrmuoandw Pwo OB WNHE OX 


( WRITVAL writes a word to an HD61830B register, then waits 
( for Busy condition to clear) 


: WRITVAL ( REGVAL REGNUM — ) 
INSTREG EC! ( REGNUM — ) 
WRITREG EC! ( REGVAL — ) 
BEGIN 
BFLAG EC@ ( — FLAG ) 
80 AND ( FLAG — BIT7 TEST) 
80 <> ( BIT7 TEST — CONDITION ) 
UNTIL ( CONDITION — ) 


—_ 


CLEARSCREEN moves the cursor to the starting position and 
write 20h to screen to display spaces ) 
CLEARSCREEN 
00 CURSLO WRITVAL 
00 CURSHI WRITVAL 
A0QO 0 DO 
00 WRTDISP WRITVAL 
LOOP 


os em 


SECTION 


( continued on next page ) 
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Appendix B - Forth Demonstration Files - continued _ Checkerboard Demonstration 


( HD61830B Initialization commands) 

12 MODEREG WRITVAL ( graphics mode, display off) 
07 CHARPITCH WRITVAL ( 8 bits per byte storage) 

1D NUMCHAR WRITVAL 

1F NUMTIMES WRITVAL 

00 DSTARTLO WRITVAL 

00 DSTARTHI WRITVAL 


CLEARSCREEN 


( move cursor back to start position ) 
00 CURSLO WRITVAL 
00 CURSHI WRITVAL 


32 MODEREG WRITVAL ( TURN ON DISPLAY ) 


( BLACKROW displays a row of checkerboard pattern starting 
( with black square) 
: BLACKROW 
OF 00 DO 
FF WRTDISP WRITVAL 
00 WRTDISP WRITVAL 
LOOP 


WHITEROW displays a row of checkerboard pattern starting 
with white square) 
WHITEROW 
OF 00 DO | 
00 WRIDISP WRITVA 
FF WRTDISP WRITVAL 
LOOP | 


ee mM o™N 


( CHECKBD uses WHITEROW and BLACKROW to display the 
( checkerboard pattern) 
: CHECKBD 
04 00 DO 
08 00 DO 
_ WHITEROW 
LOOP 
08 00 DO 
BLACKROW 
LOOP 
LOOP 
( DRAW CHECKERBOARD PATTERN ) 
CHECKBD 
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Appendix B - Forth Demonstration Files - continued 


( 
( 
( 


( 


HD61830B/LM200 


Tiled Pattern Demonstration 


Tiles the LCD display with an 8 bit x 8 bit pattern. 
LOADWHEEL, LOADDIAMOND, LOADTHATCH, LOADWEAVE, and 


LOADK fill the array with a preset pattern 


all values following accepted as hexadecimal ) 


HEX 


( register address definitions for HD61830B ) 


JEF1 CONSTANT INSTREG 
TFFQ CONSTANT WRITREG 


TFF1 CONSTANT BFLAG 


yrmuUoUOoOoW Pwo wWOBHWN LE OX 


register 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 


number definitions for HD61830B ) 


MODEREG 
CHARPITCH 
NUMCHAR 
NUMTIMES 
CURPOS 
DSTARTLO 
DSTARTHI 
CURSLO 
CURSHI 
WRTDISP 
RDDISP 
CLRBIT 
SETBIT 


) 


ele a tS RE 


~ 


writes a byte value to a register ) 
: WRITVAL ( REGVAL REGNUM — ) 


INSTREG EC! ( REGNUM — ) 
WRITREG EC! ( REGVAL — ) 
BEGIN 


BFLAG EC@ ( — FLAG ) 

80 AND ( FLAG — BIT7 TEST) 

80 <> ( BIT7 TEST — CONDITION ) 
UNTIL ( CONDITION — ) 


-~ 


Clears the screen by writing 00h to each display byte ) 
: CLEARSCREEN 
00 CURSLO WRITVAL 
00 CURSHI WRITVAL 
A0O 0 DO 
00 WRTDISP WRITVAL’ 
LOOP 


SECTION 





( continued on next page ) 
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1D6 1830B/ LM200 a | Tutorial 
Appendix B - Forth Demonstration Files - continued | _ Psy Bator Demancation 


( Moves cursor position to upper left corner ) 
: CURINIT 

00 CURSLO WRITVAL 

00 CURSHI WRITVAL 


s 


( Initialization for character write mode ) 


12 MODEREG WRITVAL ( 1C TO mode register) 
07 CHARPITCH WRITVAL ( 95 to char pitch register) 
1D NUMCHAR WRITVAL ( 27 TO number of chars reg) 


1F NUMTIMES WRITVAL ( 1F to number of times reg) 
00 DSTARTLO WRITVAL 7 
00 DSTARTHI WRITVAL 


CLEARSCREEN 
( Return cursor to start position ) 
CURINIT 


32 MODEREG WRITVAL ( TURN ON DISPLAY ) 


( Array definitions for tiling routine ) 
0 VARIABLE BYTEARRAY 8 ALLOT | 


0 VARIABLE BYTESTORE 2 ALLOT 


( Tiles one row with the 8 bytes in BYTEARRAY ) 
TILEROW 
08 0 DO 
1E 0 DO 
BYTEARRAY J + C@ 
WRTDISP WRITVAL 
LOOP 
LOOP 


? 


( continued on next page ) 
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Appendix B - Forth Demonstration Files - continued 





_ Tiled Pattern Demonstration 


( Tiles display using TILEROW ) | 
15 BYTEARRAY 5 + C! 


: TILE 
10 0 DO 22 BYTEARRAY 6 + C! 
TILEROW 51 BYTEARRAY 7 + C! 
LOOP | CURINIT 
: TILE 
: LOADWHEEL 
14 BYTEARRAY 0 + C! : LOADWEAVE 
OC BYTEARRAY 1 + C! F8 BYTEARRAY 0 + C! 
C8 BYTEARRAY 2 + C! 74 BYTEARRAY 1 + Cc! 
79 BYTEARRAY 3 + C! 22 BYTEARRAY 2 + C! 
9E BYTEARRAY 4 + C! 47 BYTEARRAY 3 + C! 
13 BYTEARRAY 5 + C! 8F BYTEARRAY 4 + C! 
30 BYTEARRAY 6 + C! 17 BYTEARRAY 5 + C! 
28 BYTEARRAY 7 + C! 22 BYTEARRAY 6 + C! 
CURINIT 71 BYTEARRAY 7 + C! 
TILE CURINIT a | 
; | TILE . 
: LOADDIAMOND 
20 BYTEARRAY 0 + C! : LOADK 
50 BYTEARRAY 1 + C! 11 BYTEARRAY 0 + C! 
88 BYTEARRAY 2 + C! 09 BYTEARRAY 1 + C! 
50 BYTEARRAY 3 + C! 05 BYTEARRAY 2 + C! 
20 BYTEARRAY 4 + C! 03 BYTEARRAY 3 + C! 
00 BYTEARRAY 5 + C! 05 BYTEARRAY 4 + C! 
00 BYTEARRAY 6 + C! 09 BYTEARRAY 5 + C! 
00 BYTEARRAY 7 + C! 11 BYTEARRAY 6 + C! 
CURINIT 00 BYTEARRAY 7 + C! 
TILE CURINIT 
; TILE 
: LOADTHATCH ( type LOADWHEEL, LOADWEAVE, LOADTHATCH, 
88 BYTEARRAY 0 + C! LOADDIAMOND, LOADK 
54 BYTRARRAY 1 + C! '  ( to see these patterns drawn ) 
22 BYTEARRAY 2 + C! 
45 BYTEARRAY 3 + C! 
88 BYTEARRAY 4 + C! 


SECTION 
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HD61830B/LM200 


Appendix B - Forth Demonstration Files - continued 


( Tiles the LCD display with an 8 bit x 8 bit pattern. 
( ASK requests 8 bytes for the pattern and stores 

( these into an array 

( TILE tiles the display with these patterns 





Interactive Tiling Demonstration 


( all values following accepted as hexadecimal ) 
HEX | 


( ‘register sdaeae definitions for HD61830B ) 
7FF1 CONSTANT INSTREG 

7FFO CONSTANT WRITREG 

7FF1 CONSTANT BFLAG 


register 
CONSTANT 


number definitions for HD61830B ) 
MODEREG 


CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 


CHARP ITCH 
NUMCHAR 
NUMTIMES. 
CURPOS 
DSTARTLO 


DSTARTHI 


CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 


CURSLO 
CURSHTI 
WRIDISP 
RDDISP 
CLRBIT 
SETBIT 


yYrrmvooOowWwr wo WBA WDNHPR OA 


( writes a byte value to a register ) 


: WRITVAL ( REGVAL REGNUM — ) 
INSTREG EC! ( REGNUM — ) 
WRITREG EC! ( REGVAL — ) 
BEGIN 
BFLAG EC@ ( — FLAG ) 
80 AND ( FLAG — BIT7 TEST) 
80 <> ( BIT7 TEST — CONDITION ) 
UNTIL ( CONDITION — ) 


- 


Clears the screen by writing 00h to each Pores byte ) 
: CLEARSCREEN 

00 CURSLO WRITVAL 

00 CURSHI WRITVAL 





A0O 0 DO 
00 WRTDISP WRITVAL . 
LOOP 
(continued on next page ) 
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Appendix B - Forth Demonstration Files - continued Interactive Tiling Demonstration 


( Moves cursor position to upper left corner ) 
: CURINIT 

00 CURSLO WRITVAL 

00 CURSHI WRITVAL 


° 
‘ 


( Initialization for character write mode ) 

12 MODEREG WRITVAL ( 1C TO mode register) 

07 CHARPITCH WRITVAL ( 95 to char pitch register) 
1D NUMCHAR WRITVAL ( 27 TO number of chars reg) 
1F NUMTIMES WRITVAL ( 1F to number of times reg) 
00 DSTARTLO WRITVAL 

00 DSTARTHI WRITVAL 


CLEARSCREEN 


( Return cursor to start position ) 
CURINIT 


32 MODEREG WRITVAL ( TURN ON DISPLAY ) 
( Array definitions for tiling routine ) 
Q VARIABLE BYTEARRAY 8 ALLOT 
0 VARIABLE BYTESTORE 2 ALLOT 


( Gets a byte of data from keyboard and converts to hex ) 
: GETBYTE 


KEY ( -~- Key valuel ) 
DUP ( -- Key valuel ) 
BYTESTORE 0 + C! ( place valuel in array [0] ) 
EMIT ( Key valuel -- ) 
KEY ( -- Key value2 ) 
DUP ( -- Key value2 ) 
BYTESTORE 1+ C! © ( place value2 in array (Gs ) 
EMIT ( Key value2 -- ) 


° 
‘ 


( Converts two ASCII bytes into a hex byte ) 


: CONVERTER ; | 

BYTESTORE 0 + C@ ( -- Key valuel ) 

SOi me > ( Key valuel -- hexl ) - 
DUP - ( -- hex) 

9 > ( hexl -- condition) 


( continued on next page ) 
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Appendix B - Forth Demonstration Files - continued Interactive Tiling Demonstration 
IF 7 - ( condition hex -~ newhex) | 

ELSE | 

THEN | 

10 * ( Hex -- HexMSN): generate Most Significant Nibble in HEX 
BYTESTORE 1 + C@ (-- Value2) 

30 - ( Value2 -- hexLSN ) 

DUP ( -- hexLSN ) 

9 > ( hexLSN -- condition ) 

IF 7 - ( condition -- hexLSN ) 

ELSE 

THEN 

+ ( hexLSN hexMSN -- hex_equivalent ) 


( Prompts user for 8 hex bytes to be tiled) 
: ASK | 

CR 

8 0 DO 

.” ENTER BYTE ~* 

Ls 
GETBYTE 

CR 

CONVERTER 
BYTEARRAY I + C! 
LOOP 


. e 
o 


( Tiles one row with the 8 bytes in BYTEARRAY ) 
: TILEROW 
08 0 DO 
1E 0 DO | 
BYTEARRAY J + C@ - 
WRTDISP WRITVAL 
LOOP 
LOOP 


a 


( Tiles display using TILEROW ) 
- 3 TILE 
10 0 DO 
TILEROW 
LOOP 


e 
o 


( type ASK, enter bytes, then type CURINIT to initialize 
( cursor, then TILE to display pattern 


( this sequence can be performed repeatedly ) 
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Introduction 


Designers using Hitachi microcontrollerscan simplify system 
implementation by using a PC for all development steps from 
code generation and hardware testing to system integration 
and debugging. 


Using a PC and cross software tools available from Hitachi 
and third party vendors, users can compile, assemble, and link 
code destined to run on their target processor. The object file 
resulting from this process is ready to be tested for proper 
operation using software simulators or hardware emulators. 


When using a software simulator that also runs on the PC, this 
object file is simply read by the simulator program, and 
debugging begins. However, when the debugging environ- 
ment is a separate piece of hardware for emulation, the 
transfer of object information is less trivial. 


This guide describes how to interface Hitachi emulators to a 
PC, so that object code can be transferred and debugging 


sessions can be carried out using the PC's keyboard and. 


display as the user interface. Four types of emulators will be 


discussed, giving details on interface cable specifications, | 


software required and where to obtain it, emulator features, 
and tips on using the emulator. 


The following Hitachi emulators will be covered: 

- H Series Adaptive System Evaluator (ASE) 

- 64180 Family Adaptive System Evaluator (ASE) 
- 63xx Family Emulators - 
- 400 Series Device Emulators 


This guide assumes the user has access to the following: 


- A PC with unused COM1: or COM2: serial port. If the PC 
is not an IBM PC/XT or AT, compare the serial port pin-out 
of your machine with those shown in diagrams in this docu- 
ment to ensure that the recommended cables will provide the 
proper connections. 

- Cross software for the processor to be emulated which will 
generate an object format acceptable to the emulator (accept- 
able formats are shown for each emulator type). 

- Emulator and User's Manual for the processor to be emu- 
lated. 

- An RS-232C breakout box or equipment to build the 
recommended cables as shown in this guide (in some cases, 
the cables shipped with the emulators will not operate cor- 
rectly when connected to the PC). 


_- Hitachi America, Ltd.'s Application Engineering Bulletin 


Board System for downloading files. For more information 
contact your local Field Application Engineer. 

- A terminal emulation and file transfer program, such as 
Procomm, Crosstalk, PC-Talk, or many others running on the 
PC (required for some 64180 interface configurations). 


The following abbreviations are used throughout this guide: 


ASE - Adaptive System Evaluator: a hardware development 
tool which emulates device operation 

HAL - Hitachi America, Ltd. 

MRI - Microtec Research Inc. 

HINT - H-Series Interface Software 


BBS - HAL Application Engineering Bulletin Board System 


For more information on Hitachi products, please contact . 


your local Field Sales Office. 


For information on Microtec Research, Inc. tools, call 1-800- 


950-5554. 





HITACHI | 
e 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 « 


Hitachi America, Ltd. « San Francisco Center 


Suis shioan ualaniasalesencatsae go donteca mee nionatanenaees 





Section 


(415) 589-8300 YT 45 





SECTION _— 





Hitachi Emulators 


Interface Guide 





H Series ASE Interface 


Hitachi provides emulation capability for users of H Series devices in the form of the ASE, or Adaptive System Evaluator. An 
ASE consists of a main station common to all H Series devices, a buffer box specific to the device being emulated, and a target 


probe determined by the package type being designed in. 


System Configuration: 


PC Software: HINT from HAL BBS 


PC to H Series ASE Cable - see Figures 1 and 2 


ASE Part Number: | 
HS640AST01H 


Interface Software: 

HINT from HAL BBS. Download file named HINT22A.EXE 
from area O: Special Function Programs. This is a self- 
extracting file that will unarchive itself when executed. 


Interface Cables: 

See Figure 1 or 2, depending on whether PC/XT or AT 
computer is used. The HINT program assumes communica- 
tions through COMI: of the PC. 


ASE Communications: 

Execute the H Series Interface program HINT22. EXE. The 
user Communicates with the ASE debug monitor through the 
CRT port using XON/XOFF flow control supported by both 
the HINT program and the ASE operating system. The ASE 
ignores any input on the CTS pin (pin 4). The RTS output is 


always high, so this signal can be input to the PC CTS signal _ 


to ensure that the PC always detects a Clear To Send condi- 
tion. 


HINT assumes a communications speed of 9600 bits per 
second, with 8 bit data, 1 stop bit, no parity. The ASE CRT 





Buffer Box 


port is configured for this speed at shipping. Refer to the 
User's Manual for more information on configuring this port. 


Object Code File Transfers: 

Object code information can be uploaded and downloaded 
through either the ASE HOST or CRT port. In order to use the 
CRT port (and remove the need for an additional terminal or 
PC), the ASE must be booted in the proper mode. To do this, 
turn the ASE on without the floppy disk latched into the drive. 
This causes the ASE to prompt for an operation. Select the I 
command, to use an ASE interface. | 


If the ASE is started with the floppy disk in the drive, the ASE 

system will automatically load from the floppy, and the ASE 
will assume that uploads and downloads will take place 
through the HOST port. This would result in a configuration 
similar to the two-display configuration shown for the 64180 
ASE, and is not receommended. 


The ASE performs object file transfers using software hand- 
shaking. This additional handshaking is provided by the 
HINT program, and is described in the ASE User’ s Manual. 
The handshaking method is specific to these emulators, and 
is not supported by common terminal emulator/file Hansics 
software packages. 
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H Series ASE Interface (continued) - 








Cable - ASE to IBM-PC/AT type | 
XON/XOFF communications 


ASE CRT port: IBM-PC/AT port: 
DB-25S DB-9S | 





Figure 1 


Cable - ASE to IBM-PC/XT type 
XON/XOFF Communications 


ASE-side IBM-PC/XT-side: 
DB-25S DB-25S 


3 
2 
7 
20 
aS 
6 
8 








Figure 2 | 
Object File Formats: | to the ASE from a symbol and S-record output file using a 
S records | special feature of the HINT interface program. 
Intel Hex records 
ASCII symbol and S-record files generated by HAL cross- Notes on use of the H Series ASE: 
software tools A buffer box and end user cable defined by the device begin 
7 emulated must be purchased separately. Some devices are 
Symbol Capability: supported by buffer boxes which allow additional memory to 
The ASE provides the capability of referring to addresses by be added to expand the user memory space for larger code size 
associated symbol name. Symbol names are assigned to applications. These add-on memory boards fit into the buffer 
addresses at link time, and are based on the symbol names box. 7 
defined at assembly time. These are user-defined in the | 
assembler source, or compiler-defined when the compiler The ASE must be used with a buffer box attached. The ASE 
generates the assembly listing. main station operating system software is contained on a disk 
| | that comes with each buffer box, and is specific to that buffer 
For HAL cross software tools, symbolic information is loaded box. No software disks are shipped with the ASE alone. 
HITACHI 
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64180 Family ASE Interface 


Einataiion of the 64180 family of devices is performed using an ASE, or Adaptive System Evaluator. An ASE consists of a main 
station common to all 64180 devices, a buffer box specific to the device being emulated, and a target probe determined by the 


package type being designed in. 
Dual Display System Configuration: 


PC Software: LOAD/SAVE routines 
from HAL BBS 






PC/XT or AT F—J]} 






SRL ESRB RES esAeAA 
PITT eee 
ERERECHEERCARSEERAAES EE 


PC to 64180 ASE Host Cable - see \. 
Figures 3, 4, 5 and 6 


Terminal or 
PC 


fam Peep 
AQ SERRE ou 
Acct ttt 


PC Software: Procomm or 
other terminal emulation package 










PC to 64180 ASE CRT | 
Cable - see Figures 7 and 8 






64180 ASE 
ea. Ca. 


Buffer Box 


To user system 


ASE Part Number: | | 
HS 180ASTO1H (also H180AS01) | 


Interface Software 


LOAD and SAVE available by downloading file 


ASECOMM.EXE from Area O: Special Function eee 
of the BBS 


Terminal Emulator/File Transfer software package 


- Dual Display System: 

LOAD and SAVE programs to run on PC connected to HOST 
port of ASE (COMI: port of PC must be used) -OR- 
Terminal emulator and File Transfer software to run on PC 
_ connected to HOST port of ASE 


If a PC is connected to the CRT port; terminal emulation 
software must be used to communicate with the ASE debug 
monitor through the CRT port. 


In the dual display configuration, one display (connected to 
HOST port) must be associated with a PC and is used to 
initiate file transfers for upload and download. The other 
_ display can be a terminal or PC running terminal emulation 


software and is used to communicate with the ASE debug 
monitor through the CRT port. 


- Single Displa y System: 
PROCOMM/other terminal emulator to run on a PC con- 
nected to both HOST and CRT portof ASE using Y connector. 


Interface Cables: 

Select the cable configuration from Figures 3 ihrgueh 9, 

depending on the type of system you pian to use. Configure 
the cables required for your system as shown. The cables to 
use depend on the type of PC being interfaced, which software 
package is used, and whether XON/XOFF or RTS/CTS data 
flow control is used. 


Note that the Y connector requires -12V level for proper 
operation. This can be provided by external power supply, or 
from the user system. See Figure 9 for this cable configura- 
tion. 


- Interface Communications - CRT Port: 


The 64180 ASE CRT port requires that the CTS and DTR 
inputs to the ASE be active before transmission of data can 
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Interface Guide 


HOST Cable - 180 ASE to IBM-PC/AT type 
for RTS/CTS communications 


ASE-side: 


IBM-PC/AT-side: 


Figure 1 
HOST Cable - 180 ASE to IBM-PC/AT type 
for XON/XOFF communications 


ASE-side: 
DB-25S 


IBM-PC/AT-side: 
DB-25S 


RXD 
TXD 
GND 


Figure 5 


CRT Cable - 180 ASE to IBM-PC/AT type 
ASE assumes RTS/CTS control 


ASE CRT port: 
DB-25S 


IBM-PC/AT port: 
DB-9S 


OODahnr ND &W 
a=-0 On OF ® NY 


Figure 7 
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HOST Cable - 180 ASE to IBM-PC/XT type 
for RTS/CTS communications, 
ALSO for use with LOAD/SAVE routines 


ASE-side: 
DB-25S 


IBM-PC/XT-side: 
DB-25S 


Figure 4 


HOST Cable - 180 ASE to IBM-PC/XT type 
for XON/XOFF communications 






ASE-side: 
DB-25S . 


TXD 


IBM-PC/XT-side: 


CRT Cable - 180 ASE to IBM-PC/XT type 
ASE assumes RTS/CTS control 


IBM-PC/XT port: 
DB-25S 


ASE CRT port: 
DB-25S 
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64180 Family ASE Interface (continued) 


Single Display System pis ceohaeains | 


Software: Procomm or 
other terminal emulation package 


aa 


PC/XT or AT E—J 


occur. The CTS signal controls the flow of data transmitted 


from the ASE to the CRT. The RTS line output from the ASE | 


CRT port is always high, since flow control from the CRT 
device is not critical (keyboard input). 


Operating speed of the CRT port can be selected by setting the 
switches of the ASE control board as shown in the ASE User's 
Manual. These switches are set to an invalid code at shipping. 
The data format is 8 data bits, 1 start bit, 1 stop bit, no parity. 
After the speed has been selected on the ASE, set up the 
terminal or terminal emulator software accordingly. 


Interface Communications - HOST port: 

The 64180 HOST port can be software configured for RTS/ 
CTS (hardware) or XON/XOFF (software) data flow control. 
Thi selection is made by executing the ASE’s HOST com- 
mand. The LOAD/SAVE programs assume RTS/CTS control 
is used. When PROCOMM or another terminal emuiation 
package is used, either XON/XOFF or RTS/CTS control can 
be selected, with the software package and the ASE conng: 
ured accordingly. 


Opacsiiig speed of the HOST port is defined to be 9600 bits 


per second if the LOAD/SAVE programs are used, but can be 
user selected if a terminal emulation package is used for file 
transfer to the HOST port. The HOST command of the ASE 


To user system 





PC to 64180 ASE 
"Y¥" cable - see Figure 9 


] 64180 ASE 
ona 
CRT HOST 


Butfer Box 4 


is used to specify the parameters of HOST port commmuni- 
cations, including baud rate and XON/XOFF or RTS/CTS 
handshaking. 7 


Object File Transfers: 

In the Dual Dispiay configuration, either the LOAD/SAVE 
routines from the BBS or a terminal emulation/file transfer 
program can be used to transfer files to and from the ASE's 
HOST port. If the LOAD/SAVE routines are used, see the 


_ User's Guide information archieved with these files on the 


BBS. 


If terminal emulation software is used, the procedure is 
similar to that for the Single Display configuration. The 
LOAD, VERIFY or SAVE command should be issued to the 
ASE. After this is done, execute the steps necessary to cause 
an ASCII file transfer as required by the software package you 
are using. Once the ASE has received a LOAD or VERIFY 
command, it will wait for a file to be received through the 
HOST port. If the ASE receives a SAVE command, it will 
begin sending data to the HOST port. 


Object File Formats: 
S records 
Hitachi $6 symbol records can be included in S record files 
Intel Hex records 
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- Hitachi Emulators 


"Y¥" Cable Connector 
PC/XT to 64180 ASE 


4.7K 


1 aire 
ee ee 
3 ARO 


pin type 
to ASE CRT port 





socket type 
to PC serial port 


DB-25 
pin type 
to ASE HOST 


pot 


Figure 9 


Symbol Capability: 

Symbol names can be assigned to physical address values. 
MRI Cross Software Tools generate symbol information 
records (S6 records) which can be downloaded to enter 
symbol information into memory. 


Notes on Emulator Use: 

A buffer box and end user cable defined by the device being 
emulated must be purchased separately from the ASE. The 
ASEcomes with 8Kbyte of emulation RAM for user develop- 
ment. This RAM space can be increased by purchasing 
additional (up to two) 256Kbyte memory boards, which are 
placed in the ASE main station. 


Hitachi sells an ASE package which consists of the ASE 
station (HS180ASTO1H) and a buffer box supporting the 


64180R device (HS180ABX02H) as part number 
HS180ASE02H. The ASE and this buffer box can also be 


purchased separately. Buffer boxes supporting all other | 


64180 devices are sold separately. For devices with package _ 
type options, end-user target cables are sold separately to” 
emulate other package types. . | 


The ASEcannot be used without a buffer box, since at power » 
up, a check for a buffer box is made. If none is found, 
operation will not continue. ASE system software on floppy © 
disk is included with each buffer box. No system software is 6 
shipped with the ASE alone. | D 





Older versions of the ASE are marked H180AS01. These 
units will work with all 64180 family buffer boxes, and have 
the same functionality as the H180ASTO1H. 
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63xx Family Emulator Interface 


Hitachi manufactures and sells emulators which support a specific device or set of devices in the HD63xx micro families. These 
emulators have similar capabilities, and each has a serial interface which allows connection to a PC for download and upload of 
code, and for communication with the emulator monitor for debugging sessions. 


System Configuration: 


Software: EML software package 
from HAL BBS 


PC to 4/8 bit emulator 
cable - see Figures 10 and 11 


Emulator part numbers: 
Includes H31MIX2,3,4, H35MIX3, 5 


Interface Software: | 
EML interface software, available on the HAL BBS. Down- 
load file EML.EXE from area O: Special Function Programs. 
This file is a self-extracting archive file which will unarchive 
itself when executed. . 

Interface Cable: 

See Figures 11 and 12. Configure a cable for your system as 
shown to connect the emulator serial port to either COM1: or 
COM2: serial port of the PC. 


Interface Communications: 
The interface program comes in two versions which allow the 
user to. communicate through either COM1: or COM2: serial 


port of the PC. Execute either EML1.EXE or EML2.EXE to | 


communicate through COM1: and COM2:, respectively. 


The EML programs operate at 9600 BPS,8 data bits, 1 start 
and 1 stop bit, so for proper operation, the emulator must be 





To user system 


configured for operation at this speed. Set SW3 of the 
emulator as shown in Figure 10 to allow communications 
between the emulator and a PC running EML. 


Emulator Switch Settings | 





Figure 10 — 
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Cable - 4/8 bit Emulator to IBM-PC/AT type 
for RTS/CTS communications 


Emulator-side: IBM-PC/AT-side: 





Figure 11 


Cable - 4/8 bit Emulator to IBM-PC/XT type 
for RTS/CTS communications 


 Emulator-side: IBM-PC/XT-side: 











Figure 12 
Object Code File Transfers: Saving (punching) new object file: 
File transfers require a special software handshaking protocol P <filename> <CR> 
unique to these Hitachi emulators, which is supported by : 
EML. While the various terminal emulation packages avail- The E (End) command followed by <CR> at the prompt will 
able on the market can be used to communicate with the terminate the interface program and return control to DOS. 
emulator debug monitor, these packages do not support this | 
upload/download handshaking protocol. Object file format for download: 
Motorola S records (SO, S1, S9) 
The following commands are used to transfer object files Intel Hex records 
(<CR> represents pressing the Carriage Return or Enter key 
on the PC): | Notes on EML Use: 
| _» A User's Manual for the EML program is not included in the z J 

Loading object file: BBS distribution file, however, the important information FE 

L <filename> <CR> from this manual (hardware interface, abled coy alesicony 
Verifying object file: mands) is listed here. 

V <filename> <CR> 
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4-bit Microcontroller Emulators 


System Configuration: 


Hitachi emulators for devices in the 400-Series are similar to the 63xx emulators in that they use the same serial interface for 
connection toa PC. The EML programs metioned in the 63xx section is also used for communication with these emulators. 


Software: EML software package 
from HAL BBS 


PC/XT or AT E—J 


PC to 4-bit emulator 


cable - see Figures 10 and 11 


Emulator part numbers: 


HS400EUA01H /HS400EUA02H emulator station 
H400CMIX2 emulator 


Interface Software: 

EML interface software available on the HAL BBS. Down- 
load file EML.EXE from Area O: Special Function Programs. 
This is an archive file which will unarchive automatically 
when it is executed. 3 


Interface Details and Object File Transfers: 

See information on EML program use in the 63xx Family 
Emulators section. For the HS4QQEUAOIH, configure the 
Emulator Operation Selection Switch settings as shown at 
right. For the H400CMIX2, configure as shown in Figure 10. 


Object File Format for Download: 

S record files 

Hitachi S6 record files (symbol information only) for the 
HS400EUA01H/02H 

Intel Hex record files 


Symbolic Capabilities: 

Symbol names can be assigned to address locations manually 
using the monitor SYM command. Symbol files can also be 
downloaded to the emulator using the LOAD command. 





To user system 


Emulator Switch Settings 





Figure 13 


Notes on the 400 Series Emulators: 

The HS400EUA01H/02H connects to a series of target probes 
that each allow emulation of a different device in this family. 
Each target probe connects toa User Cable which connects the 
target probe to the user system These pieces must be 
purchased separately by part number, make sure to get the 
correct target probe and user cable as required for your 
application. The HS400EUA01H cannot operate without a 
target probe attached. 
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Symbolic Debugging with the H Series ASE and MRI Tools Mamie Mar 


Objective 

Designers using the Hitachi Adaptive System Evaluator 
(ASE) emulator and Microtec Research, Inc. (MRI) software 
development tools can use symbols associated with assem- 
bly-level source code to aid in debugging. This note dis- 
cusses how to use the MRI tools to generate an object code 
file containing symbol information, how to modify this file so 
that the information is acceptable to the ASE, and how to load 
the modified file information to the ASE from a floppy disk. 


Procedure overview 

. The MRI linker will generate an S-type linked object file that 
contains symbol information. This file can be edited using a 
word processor into two separate files, one containing only S- 
record information and the other containing symbol informa- 
tion in a form acceptable to the ASE. Once these two files are 





file cc.bat - uses an option file to specify compiler 
directives. Resulting S record object file containing 
symbols will be placed by default in file sieve.abs. 



















mcch83 —dcoption.cmp sieve.c 


file coption.cmp - compiler options list, includes 
. Specification of options to the assembler, and a 
command file containing linker options 


—-Fsm 
-Vi 
-l>test.1lst 
-Wa,-fde,-1>sieve.lst 
-esform.cmd 





file sform.cmd - linker option comand file 





format s _ 

listmap publics, internals 
listabs publics, internals 
debug_symbols 

extern mri_start 

load ch83isc.lib 

load ch83isf.1lib 

end 


Figure 1 - Compiling C code to S-type object 





file sieveasm.bat - batch file to assemble and link 
an application written in assembler. Linker com- 
mands are read from a command file. Resulting 
linked object and symbol information is placed in 
sieve.abs. 


asmh83 -fde ~l>sieve.lst sieve.src 
lnkh83 -csform.cmd -oSieve.abs sieve 


file sform.cmd - linker command file to generate S- 


type object file. 


format s 

listmap publics, internals 
listabs publics, internals 
debug _ symbols 

extern mri_start 

load ch83isc.1lib 

load ch83isf.1lib 

end 


Figure 2 - Assembling source code to S-type object 


available, standard ASE commands can be used to read these 
files from the disk. 


Generating the S-type linked object file 

Figure 1 and Figure 2 show examples of generating S-record 
object files with symbol information, for C language sources 
and assembler sources, respectively. These batch and com- 
mand files assume that the proper ‘‘path’’ statements have 
been set up so that the current directory has access to the 
Compiler, Assembler, and Linker executable files, as well as 
the source and object involved. These figures show examples 
only, and the flexibility of the MRI tools allows users to arrive 
at similar results using various combinations of command _ 
files, batch files, command line options, and assembler source 
file directives. 


A useful option to the compiler is the ‘*-Fsm’’ option, which 
causes the C source code lines to be intermixed as comments 
into the resulting assembler source file. The resulting assem- 
bler listing file will assist in locating code when debugging 


- using the ASE. 
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Assembler options are specified to the compiler driver using 
the ‘‘-Wa...’’ compiler option. These options can also be 
included in the assembler command line. Options to note in- 
clude the ‘‘-fde’’ option, which is required to cause symbol 
information to be placed in the object file generated by the as- 


Application Note 


be preceeded by an exclamation point (!) when they are 
defined, and the h' prefix indicates to the ASE that the number 
following refers to a hexadecimal value. The lines starting 
with "$$" in the MRI generated file are informational only, 
and should be delected. 


sembler, and the ‘‘-1 > filename’’ option which 
Causes a listing to be generated and redirected to 
the file filename. 


Linker commands can be entered either on the 
command line, or in a command file as shown in 
the examples. When linking, the ‘“debug_symbols”’ 
entry in the command file is required to cause the 
internal symbols to be output to the resulting S- 
type linked object file. These internal symbols 
correspond to local labels used in assembler source 
files. 


The “‘listmap publics,intemals’’ command in con- 
junction with the “‘debug_symbols’’ command 
ensures that both global and local symbols are 
output to the object file, making them available 
for use in debugging. 


Editing the MRI S-record linked object file 

Excerpts from an linked object file generated 
using the command sequences discussed above 
are shown in Figure 3. In order to use this file 
information with the ASE, a word processor must 
be used to divide this symbol and S-record infor- 
mation into two separate files. One file contains 
only the S-record information, starting with a 


record beginning with the characters ‘‘SO’’. The. 


S record information is acceptable by the ASE 
without modification. 


The other file, which contains the symbol infor- 
mation, must be edited to allow it to be read by the 
ASE. The ASE uses two commands that will be 
used to load this symbol information into ASE 
memory. The Command_Chain, or cc command 
is used to read and execute valid ASE commands 


from a file in the floppy drive. The Symbol, or Sy _ 


command allows the user to define symbols by 
inputting the symbol name followed by the ayn 
bol address, in the form: 


$$ sieve 


__environ $11AC __com_line $11B0 _flags $13B0 


__iob $13C4 
S$ sieve 


_main $0080 L7001 $0128 LS $009E L14 $00DA 
SO $004C L13 $00CC L1 $0096 L11 $0108 
L9 $00B2 S1 $0040 
$$ fakftoa 
__fltused $115C 
$$ flsbuf 
__flsbuf $0170 
$$ imul 
__aimul $0298 
$$ land 
__axor $02E8 


__ftoa $0146 _dldd $016E 
__imul $0280 


__not $0302 _lognot $031E _aand 


 $02B4 


__neg $030C 
$$ 


_aor $02CE 


S00600004844521B 
$11400400A2564207072696D65730A00207072696D86 
S10E005165202564203D2025640A0082 
$11400806DF60D7 6790000061907 6DF2 6DF3790000AE 


$10411680082 
$114112A6DF60D7 66DF2 6DF36F6300080D3240146F2F 
$114113B6000060D010B016FE1000668086A881168EE 

-§113114C1B020D2246E80D306D736D726D76547072 
S$9031036B6 





eee 3 - Excerpts from MRI's linked S-record file 


: sy !newsymbol=h’3000<cr> 


where newsymbol is the name of the symbol to be defined. 
_ The *‘:’’ is the prompt output by the ASE. All symbols must 


The edited version of the symbol information is shown in 
Figure 4. Each symbol definition must be placed on a 
separate line of the file, and the **!’’ and the ‘‘=’’ sign must 
be added to each line. The ‘‘$”’ that is generated by the MRI 
tools must be replaced by the ‘‘h’’’ address prefix recognized 
by the ASE. Global replace features of word processors can 
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fenviron = h’11AC 
'com_line = h’11B0 
! flags = h’13B0 


fiob = h’13C4 


! main = h’0080 
!L7001 = h’0128 
!L5 = h’009E 
!L14 = h’O0ODA 


'so = h’004C 
'L13 = h’00CC 
'L1 = h’0096 
!L11 = h’0108 
'L9 = h’00B2 

'S1 = h’0040 
'fltused = h’/115C - 
'ftoa = h’0146 
!dldd = h’016E 
!'flsbuf = h’0170 
'aimul = h’0298 
fimul = h’0280 
'axor = h’02E8 
Inot = h’0302 
'lognot = h’031E 
f'aand = h’02B4 
neg h’030C 
!aor = h’02CE 





Figure 4 - Edited symbol information 


be exploited to aid in converting the MRI ie information 
into a file readable by the ASE. 


The names of the symbols in this file are used only to assist the 
developer with debugging, so it is possible to modify these 


H Series Support Tools 


names to simplify their use. For instance, leading under- 
scores (*‘_’’) generated by the MRI tools to indicate global 
symbols can be eliminated, long symbol names can be short- 
ened, and names can be made more descriptive. 


Loading object code to the ASE 

Once the S record file and the new symbol file have been 
generated, they should be copied to a disk formatted by the 
ASE using the 1.2MByte drive ona PC. To load the S-record 
file to the ASE, use the Floppy_Load or FL command. This 
command offers the option of specifying an offset to the load 
addresses contained in the object module file, however, if this 
offset is used, the symbol table you generated will not match 
up with the code downloaded. The object code and associated 
symbols can be assigned toa specific start address at link time 
by using the -B or BASE linker option. This command i iS 
executed as follows: 

: FL filename <cr> 


where filename is the name of the S-record file on the disk in | 


the ASE floppy drive. 


Loading symbol information to the ASE 
The newly generated symbol file is loaded using the 
Command_Chain command: 

: CC filename <cr> 
where filename is the name of the modified symbol file 
placed on the disk in the ASE floppy drive. 


Conclusion 


It is possible to load both symbol and object code information 
into ASE memory using ASE commands. These commands 
rely on the availability of object code and symbol information 
files that can be generated using MRI tools and any word 
processor. . 


Loading code and symbol information in this matter allows 
the user the ability to perform symbolic debug of code, and 


eliminates the need for downloading using a serial link from 


the development computer. 
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HD64180S Development Board 


User's Manual Update 


Interfacing to the ASE Emulator 


February, 1990 


Update to #U17 





The NPU Development Board (part number 
US180EVB01H) can be used as an in-circuit target for 
the Hitachi ASE Emulator and NPU Buffer Box. In order 
to do this, however, a modification to the board must be 
made. 


This modification adjusts the timing of the signals that 
access the DRAM module on the NPU Board. Although 
the access signals are changed, no additional wait states 
must be added to access this memory. This moditication 
will not affect the operation of the board with an NPU 
device installed. 


, Cut this trace. | 


The modification consists of adding a 74HCTS2 IC, 
cutting a trace. and adding jumper wires. The changes 


are shown in Figure 1. 


Page 1 of the circuit diagram (on page 56 of the manual) 


is affected by these changes. New connections to U8 
(DS1005N1500 delay line) , shown onthe bottom night of 
this page of the circuit diagram, are shown in Figure 2. 


This modification results in delaying the leading edge of 


the CAS signai that is input to the DRAM module. The 


OR gate ensures that the trailing edge of the CAS meets 
requirements. 


- Added jumpers (5) 


00000000 
00000000 
OO0000000 
O0000000 
O0000000 
O0000000 
O0O000000. 
O0000000 
CO0000000 


New 74HCT32 


00000000 
600Q0000 
000GO0000 
000 do0000 


000 qooo00 
000 @0000 
000 @0000, 
000 Boooo 
00000000 
O0000000 
O0000000 
O0000000 
O0000000 
OO0O000000 
O0O000000 
O0O000000 
O0000000 
O0O0000000 
000000000 
O00000000 





Figure 1 - Board modifications for interface to ASE (non-component side of board) 


| The information in this Hardware Manual Update has been carefully checked; however, the contents of this User's Manual 


Update may be changed and modified without notice. The 


shail assume no responsibility for inaccuracies, or any 





problem involving a patent caused when applying the descriptions in this Hardware Manual Update. 
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Linker-Generated Disassembled Code 


Tech Notes 


Application Engineering oT 


Introduction 


An assembler generates relocatable modules from assembly source codes; these relocatable 
modules are then put into designated addresses by the linker. Though the assembler can produce 
a listing, the listed addresses are relative. Using the "-m" command line option can produce a 
map file that lists the location of individual modules; however, it is often desirable to have 
access to disassembled code that has already been put into their correct addresses. 


If the user only wants to look at the disassembled code after linker, he/she only needs to invoke 
XRAY, where the source code is listed. We can use the "macro" feature of XRAY to obtain a 
hardcopy of the disassembled code. 


First, in XRAY, type: 
fopen 60,filename.out 
This command creates a window #60 and dumps its data in a text file named filename.out. 
The lower windows are reserved for default XRAY use. For example, we type in XRAY com-— 
mands in window #10. Windows 50 to 256 are user-defined. | 
_ Before we write the macro, be sure your linked file is loaded. When invoking XRAY, type: 
xhih83 filename 
Note: Don't include the filename extension. Please refer to technote #TN-0021 


for details on initial baud rate and display if you are using the emulator 
version XRAY. | 


Next we will define a macro in XRAY. This macro takes two arguments that signify the begin- 
ning and ending addresses of your listing; the macro then prints the disassembled code to 
window #60, which in turn dumps its data into the text file we defined. The macro is listed on 
the next page. 
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: define void outcode(beg,end) 
: int beg; 
: int end; 
= 
: int counter; 
: for (counter=beg;counter<=end;counter=counter+2) 
{ 
$fprintf 60,” % m\r\n”,counter$; 
} 
:} 


Let's go through the macro definition line by line. - 


: define void outcode(beg,end) 
This informs XRAY we are starting to define a 
macro named outcode,with two arguments, beg and 


end. 

: int beg; 
"Beg" is the starting address of our disas- 
sembled code. 

: int end; 
We can scroll thorugh the screen and find the. 
end of our code. > : 

:{ 
The macro body starts here. 

: int counter; 


"Counter" is a variable in the macro. 
: for (counter=beg;counter<=end;counter=counter+2) 


This starts a loop, very similar to a "for" 
loop in C. 


Start of loop. 


$fprintf 60,” %m\r\n”,counter$; 


Section H ITACH I | . 
62 7 - Hitachi America, Ltd.e San Francisco Center * 2000 Sierra Point Pkwy.* Brisbane, CA 94005-1819 * (415) 589-8300 


,- 





Linker-Generated Disassembled Code Tech Notes 


The "S's" indicate that fprintf is an XRAY 
command.We need to put dollar signs around an 
XRAY commands. 


End of loop. 
End of macro body. 
The period tells XRAY your definition is done. 


Basically, this macro takes two arguments, the beginning and ending addresses of the code we 
wish to print. Lines of code are printed to the designated window until the counter reaches the 
end of the block. 


The next command line in XRAY prints assembly code in the first 100 hex address space. 
> macro outcode(0,0x100) 
This may seem a bit tedious, to define a whole macro just to take a look at the disassembled 


code, but it only has to be done once. The macro can be saved in an include file, which can be 
called up each time XRAY is invoked. 
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Starting up Emulator Version XRAY 
Tech Notes | 
ppp Eaton Engineering ere 
Introduction | 


The Hitachi/Microtec XRAY for Emulators is designed to allow the ASE machine to communicate 
with an IBM-PC or compatible. However, XRAY's default baud rate is 19.2K while the default baud 
rate for ASE is 9200. As a result, the first-time user may get the error message "Problem 
communicating with the CPU." This is because XRAY and the ASE are communicating at different 
speeds. This problem is very simple to correct. Simply add "-e 9600" at the end of the command line 
when calling XRAY; this will set the XRAY to communicate at 9600 baud. 


CAXHIH83> xhih83 <filename> -e 9600 enter 
In XRAY 
- Once you are in XRAY, youcan use the OPTION command to es ge some default settings. 
option emulator="9600" _.......... sets default baud rate 


startup | rer saves option to startup.xry, which is called automati- 
cally each time XRAY is called. 


Using a monochrome LCD display 
Because monochrome LCD displays cannot fully take advantage of all of XRAY's colors and 
highlights, it may be difficult for the user to see highlighted material or error messages. Here 


is how to fix the problem. 


Once the user is inside XRAY, there is an option color command that can change the display. 


option color=none sla... changes color to white/blue 

option highlight=inverse __.......... when highlight= bright, it's not visible in the no color | 
3 mode. 

Startup «nee eeeeee Saves options to startup.xry 


Refer to the XRAY manual, Debugger Commands, for more options. Be sure to enter STARTUP 
to save the options for future use. 
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ASMH83 Assembler/Linker | 


Tech Notes | 
Application Engineering 


Carol Jacobson 


Using the ASE emulator, system designers can download and execute software routines from either 
target memory or emulator on-chip ROM space. Prior to download, source text files containing 
address information, assembly instructions and labels must be converted to a hex code format which 
can be interpreted by the CPU and system. The three formats accepted by the ASE, S YSROF, Intellec 
HEX and S-record (Motorola) are detailed in the ASE 8/3xx Series Users Manual. Hitachi’s 
ASMH83 Assembler translates H8/300 assembly files to S-record hex files containing lines of hex 
code with each line preceeded by the address assigned in the source file. Labels are converted to hex 
address locations and user comments are removed. 


Creating Hex Files 
Converting source to hex files requires three steps:. 
1. Generating the assembly source file containing H8/300 code, assembler directives and labels 
2. Assembling the source file to produce an object file (*.obj) 
3. Linking the object file to produce an absolute hex file in S format (*.abs). 
The Source File 
The source text file can be created using any basic editor but must have the following format: 
Assembler Directives (See ASMH83 H8/300 Manual) 
label: H8/300 opcode operand,operand = ;comments 
end | | | 


The Assembler 


To start assembly, from a DOS environment, enter the directory conienins the ASMH83.EXE file 
and type the command line: 


ASMH83 -1 >*.lis [source DOS path] _—_ (*. lis = name assigned to listing file) 


SECTION 





Assembly usualy takes about 10 sec for 400-500 lines. At the end of assembly you will be notified 
of errors and warnings and two new files will have been created in the current directory: *.obj and 
* lis. If you received error or warning messages, using an editor, review the listing file (*.lis) for error 
information, correct the errors in the source file and re-assemble. All errors must be removed to 
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produce a valid hex file. 


CAUTION: If you have more than afew hundred lines of code and assembly seems tocompletein 1 or 2 seconds without 
error, verify that a new .obj file was produced. If the .obj file was not produced, the assembler may not have located 
the source file or understood the command line as entered. Verify the source location and command format and re- 
enter the command. 


The Linker 


For most purposes the linker performs two critical tasks, it links several sections of code together to 
produce one program file and it outputs the program file in an executable form, in this case S-record. 
For each program a short command file containing at least the linker format and load instructions 
must be created. This is a batch file which always takes the extension .cmd. For example a command 
file, PRG.cmd, for linking file PRG.obj, may contain only the lines: | 


formats | (output= S records) 
load pgm.obj (load file sea 
load xxx.obj (load ‘ity other files to be linked with prg.obj) 
base 3000 (base offset = h’3000, ie code starts at h’3030) 


To invoke the linker, from the directory containing the file LNKH83.EXE enter the command line: 
LNKH83 -c [command file DOS path] 


When the linker has finished you will receive a message notifying you of any errors and a file, *.abs 
will have been created in the current directory (*.abs is given the same file name as the .cmd file). 
The file, *.abs, is the S-record form of the linked files and can be downloaded to the ASE. 


The summary given here is by no means complete, but it should be sufficient to get you started. Take 
time to look through the ASMH83 H8/300 Assembler manual. There are several options not covered 
in this TechNote which may greatly simplify and enhance your code. 
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Direct Addressing 


In Embedded Programming, the C source code often needs to access memory addresses directly to 
drive the hardware peripherals, such as I/O ports, timers, registers, etc. 


The best way to demonstrate direct addressing is by example. If we have a timer, called tmr0, at 
addressing Oxffc8, and we want to change its value. This is the simplest way: 


1 Define tmr0 as a constant: 


In C source code: 
unsigned int const tmr0 = 0xFFC8; 

a) It’s best to define addresses as unsigned numbers, so the compiler won’t mistake Oxffc8 
as a negative number. 

b) The compiler puts our variable, tmr0, in ROM because it's declared as a constant, thus 
freeing up more RAM. | 

c) InC, hex numbers are preceded by Ox(zero x). 

d) Pointers are extremely tricky, and they take up extra memory space, so we define tmr0 
as just an integer. We can cast this number to be a pointer later. 


2 Cast this integer as a pointer to a memory address: 


In C source code: 
*(unsigned char *)tmr0 = 0x12; 
a) (unsigned char *) casts tmr0 to be a pointer to an unsigned character. Now, (unsigned 
char *)tmr0 refers to address hex FFC8. Adding a ‘*’ in front of it makes the expression 


content of address OxFFC8. 
ees ie | 
'FFC8 | ROM [code and constants 
aaa storage) 
i 


SECTION 


Address OxFFC8 (0x12) 
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b) If we want to put an integer in address FFC8 and FFC9, we can just change the casting to 
(unsigned int *), then if we say *(unsigned int *)tmr0=0x1234;, we will have 0x12 in 
FFC8, 0x34 in FFC9. 

c) The benefit of defining address as integers instead of pointers is we don’t need to define 
this pointer as a character or an integer until we want to put numbers in these addresses. 
These integers, casted as pointers, are much more flexible. 


Pointers to Strings 


In C, the simplest way to define a string is to define a pointer that points to that string. 


In C source code: 
unsigned char *sinatra=”F ly me to the moon.” 
Compiled: 
EXPORT _sinatra 
_Sinatra .DATA.W SO 
SECTION  __ strings, TEXT,ALIGN=2 
SO .SDATA “Fly me to the moon”<0> 
a) The compiler will put this string in the strings section. The pointer, “sinatra” refers to the 
address of the first character, “F.” 
b) *sinatra refers to the character “F.” 


Say we have defined another pointer, called ptr. 


In C source code: 
unsigned char *ptr; 
ptr=sinatra; 
Compiled: 
AMPORT _ptr 
comm _ptr,H’2 
mov.w @_sinatra,r0 
mov.w _—r0,@_ptr 
a) Here, we first define a pointer, called ptr, not pointed to anything yet. Secondly, we tell 
the compiler to let “ptr” point to whatever “sinatra” is pointing to. *ptr now is character 
“F.” Since the string is stored in memory in order, if we increment ptr, we get the next 
character. 
In C source code: 
ptr++; 
~ Compiled: 
adds ——=—‘#ii,r0 
mov.w  _—‘r0,@_ptr 
a) “ptr now is character “ J.” 
b) ptr corresponds to the address of the letter “7.” 
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ae [in strings section, in ROM) 


: ptr+1 x seieasanse 


ptr=sinatra 
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